Study of the parameters affecting contact performance of high reliability relays by Nunn, C. P. & Mc Rickard, S. B.
By Charles P. Nunn and S. BradfQrd McRickard 
September, 1969 
d D i s t r i b u t i o n  o f  t h i s  repor t  i s  provided i n  
t h e  i n t e r e s t  of in format ion exchange and 
should not be construed as endorsement by 
NASA of  the  ma te r ia l  presented. Responsi- 
b i l i t y  f o r  the  contents resides w i t h  the  
organizat ion t h a t  prepared i t. 
Prepared Under Contract No. NAS 12-634 by 
DEUTSCH RELAY D I V I S I O N  
E. Northport ,  New York 
For The E lec t ron i c  Research Center 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
https://ntrs.nasa.gov/search.jsp?R=19700007995 2020-03-12T01:50:37+00:00Z
Dr. Charles A .  Renton 
Technical Monitor 
E 1 ect ron i c Research Center 
575 Technology Square 
Cambridge, Massachusetts 02139 
NAS 12-634 
Request for copies of  this report should be referred to: 
NASA Scientific and Technical nformation Facility 
P.O. Box 33, College Park, Maryland 20740 
Y OF THE PARAM 
ACT P E R ~ O ~ ~ A N ~ ~  OF HIGH 
By Charles P .  Nunn and S ,  Bradford McRickard 
September, 1969 
Prepared Under Contract No. NAS 12-634 by 
DEUTSCH RELAY DlVlSlON 
E.  Northport, New York 
For The Electronic  Research Center 
NAT I ONAL AERONAUT I C S  AND SPACE ADMl N I STRAP I ON 

TABLE OF CONTENTS 
SUMMARY ......................................... 
INTRODUCTION ................................... 2 
PROCESS AND CONTAMINATION.,., , .  ................ 4 
Process Evaluat ion ........................ 5
Manufacture o f  Test R e l a y s . s e m o  ........... i j  
Contact Performance Tests ................ 13 
Relay Analysis and Cor re la t i on  ............ 23 
CONTACT MATERIALS .............................. 27 
A l loy  Select ion ............................ 28 
Mel t i ng  and f a b r i c a t i o n  ................... 34 
Mechanical 
Stress Relaxat ion Tests ................... 41 
and Physical  Proper t ies  ........ 36 
Contact Resistance Tests .................. 43 
Contact Fabr icat ion.  ...................... 45 
Manufacture o f  Test Relays ................ 47 
Contact Performance Tests ................. 50 
Relay Analysis and Cor re la t i on  ............ 55 
CONCLUSlONS AND RECOMMENDATIONS ................ 60 
Appendix A New Technology Clause .......... 65 
References ........,....................... 6 3 
i i i  
STUDY OF THE PARAMETERS AFFECT I NG 
CONTACT PERFORMANCE OF HIGH RELIABILITY RELAYS 
By Charles P ,  Nunn and S. Bradford McRickard 
DEUTSCH -RELAY D ! V I  S I  ON 
E. Northport, N e w  York 
SUMMARY 
This  study was d i rec ted  towards the process, contaminat ion, 
and contact  ma te r ia l  parameters t h a t  a re  known t o  a f f e c t  the 
e l e c t r i c a l  contact  performance o f  h igh  r e l i a b i l i t y ,  c rys ta l -can  
type relays. The study was b u i l t  around the "sealed switching 
module" contact  system which, by v i r t u e  o f  i t 5  design, e l i m i -  
nated the gross e f f e c t s  of the  c o i l  assembly f r o m  the  contacts, 
thereby prov id ing  an organic f r e e  contact  module. 
p lated, s i l v e r  subst rate contact  system when operated under ex- 
tremely d ry  condi t ions.  Cold welding o f  the  contacts would oc- 
cur  a f t e r  30,000 operat ions due t o  mechanical wear through the 
go ld  p l a t e  and exposure o f  the s o f t  s i l ver -pa l lad ium a l l o y  sub- 
s t r a t e  ma te r ia l .  Th is  bas ic  ma te r ia l  f a i l u r e  mode was e l  i m i -  
nated by the  i n t roduc t i on  o f  a 2-5 micron, e lec t rop la ted  rhodium 
contact  system, 
A fundamental f a i l u r e  mechanism was found on the  go ld  
The in f luence o f  vacuum outgassing parameters on l o w  tem- 
perature performance was determined, I t  was found tha t  water 
vapor concentrat ions i n  excess o f  1,000 ppm would cause e r r a t i c  
contact  res is tance a t  l o w  temperatures. A very sens i t i ve  low 
temperature t e s t  procedure was establ ished t o  detect  t race  
q u a n t i t i e s  o f  water vapor. 
and s i lver-p la t inum-Y ternary a l l o y s  were studied i n  the de- 
velopment o f  a mono l i t h i c  contact  system, Tests of the physical  
and mechanical p roper t i es  a f t e r  var ious heat treatments, r e l a -  
t i v e  re laxa t ion ,  and contact  res is tance measurements were per-  
formed, 
Thi r t y - t h r e e  p o t e n t i a l  l y  age hardenable s i  l ver -pa l  ladium-X 
Mono l i t h i c  contacts were fab r i ca ted  using two canposi t ions 
of s i  l ve r -pa l  ladium-copper a1 loys and manufactured i n t o  "sealed 
swi tch ing module" relays.  There was no i n d i c a t i o n  of  c o l d  
welding under low leve l  condi t ions,  and the  contact  res is tance 
s t a b i l i t y  of the  sealed module was comparable t o  g o l d  p la ted  
contact  s e 
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INTRODUCTION 
The purpose of t h i s  program was t o  study the process, ma- 
t e r i a l ,  and contamination aspects o f  h igh  r e l i a b i l i t y  re lay  
manufacture and t o  r e l a t e  these var iab les  t o  o v e r a l l  e l e c t r i c a l  
contact  performance. Th is  study was b u i l t  around the "sealed 
switching module" contact  system introduced by Deutsch Relay 
D iv is ion .  I t i s  through the u t i l i z a t i o n  of t h i s  unique re lay  
design, which e l im ina tes  the  gross in f luence o f  c o i l  contamina- 
t i o n ,  t h a t  a program o f  t h i s  nature could be successfu l ly  under- 
taken. It was not t h e  i n t e n t i o n  of t h i s  study t o  develop new 
re lay  designs, but ra ther  t o  accurately es tab l i sh  the process 
and ma te r ia l  parameters tha t  in f luence r e l i a b l e  contact  per-  
f ormance. 
An engineering manufacturing f a c i l i t y ,  under the con t ro l  o f  
t he  p r o j e c t  engineer, was u t i l i z e d  t o  manufacture switching 
modules o f  the  Super-J con f igu ra t i on  i l l u s t r a t e d  i n  F igure 1. 
Th is  process f a c i l i t y  was capable of manufacturing a small quan- 
t i t y  of Super-J re lays  from the sub-assembly stages through the  
f i n a l  operat ions under c l o s e l y  c o n t r o l l e d  condi t ions.  It u t i l -  
ized the  l a t e s t  s ta te -o f - the-ar t  cleaning, welding, handling, 
and c o n t r o l  techniques t h a t  are c u r r e n t l y  employed i n  manufac- 
t u r i n g  operation. 
Some o f  the c r i t i c a l  con t ro l  aspects, such as l eve l  o f  
p a r t i c u l a t e  contamination, in f luence o f  leakage and water vapor 
e f fec ts ,  were evaluated w i t h  respect t o  process c o n t r o l s  and 
the  e f f e c t  on performance. The study of processes and con- 
taminat ion l e v e l s  and t h e i r  e f f e c t  on performance n a t u r a l l y  
leads t o  the  question o f  contact  mater ia ls ,  since r e l i a b l e  con- 
t a c t  performance i s  not  on ly  dependent upon the  processes and 
contamination fac to rs ,  but a l s o  on the i n t r i n s i c  contact  ma- 
t e r i a l  c h a r a c t e r i s t i c s .  
Due t o  the  nature o f  the  areas t o  be invest igated, two 
separate, but  concurrent and coordinated phases were studied. 
The process and contamination evaluat ion phase dea l t  w i t h  the 
study and deveTopment of the  c o r r e l a t i o n  among contact  per- 
formance, contamination levels,  and the  manufacturing processes 
f o r  a constant design and m a t e r i a l s  geometry. Th is  phase used 
the  Super-J re lay  con f igu ra t i on  w i t h  standard gold p la ted  con- 
t a c t s  (2-4 microns Au-Co e l e c t r o p l a t e  over 99A , 1Pd substrate).  
Relays were manufactured i n  small groups o f  8-70 u n i t s  i n  the 
engineering f a c i l i t y  us ing laminar f l o w  c lean benches meeting 
c lass  100 cond i t ions  o f  MIL-STD-209. Tests i n  the l o w  leve l ,  
intermediate, and power load regions determined the  o v e r a l l  
process u n i f o r m i t y  and establ ished bas ic  contact  ma te r ia l  l i m i -  
t a t i ons .  
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FIGURE 1 SUPER-J Sealed Switching Module Assembly 
Running concurrent ly  w i t h  the process and contamination 
evaluat ion phase o f  the  program was a ma te r ia l  development 
phase. The u l t i m a t e  o b j e c t i v e  i n  the  study o f  contact ma- 
t e r i a l s  was the development o f  a mono l i t h i c  ma te r ia l  t h a t  
would be a combined h igh temperature spr ing and contact ma- 
t e r i a l  which would requ i re  ne i the r  p l a t i n g  nor c ladding and 
would be capable o f  switching s ignals  i n  the low level ,  i n t e r -  
mediate, and power load regions. 
Various te rnary  a l l o y s  i n  the  Ag-Pd and Ag-Pt fami ly  were 
screened w i t h  respect t o  f a b r i c a b i l i t y ,  h igh temperature per-  
formant% contact  c h a r a c t e r i s t i c s  and spr ing cha rac te r i s t i cs .  
echniques were u t i l i z e d  t h a t  al lowed f o r  the se lec t ion  of  
prospect ive ma te r ia l s  wi thout  the necessi ty of f a b r i c a t i n g  the 
ma te r ia l s  i n t o  d e t a i l e d  par ts .  A group o f  rhodium p la ted  con- 
t a c t s  as w e l l  as two groups o f  s i lver-pal ladium-copper a l l o y  
contacts were manufactured i n t o  Super-J re lays  and tested, 
proving the f e a s i b i l i t y  o f  both rhodium and the Ag-Pd-Cu mono- 
1 i t h i c  contact  mater ia ls ,  
a 
PROCESS AND CONTAMINATION 
Overa l l  r e l i a b l e  re lay  performance i s  caused by a chain o f  
events; design, mater ia ls ,  processing, con t ro ls ,  contamination, 
and t e s t i n g  are the main l i n k s  i n  t h i s  chain. The ob jec t ives  o f  
t h i s  phase of the study was t o  accurately character ize the con- 
t a c t  performance o f  sealed swi tch ing module re lays manufactured 
under c l o s e l y  def ined condi t ions.  The e f f e c t  o f  var ious proces- 
ses on contact  performance was c a r e f u l l y  determined by the ap- 
p l i c a t i o n  of contamination and de tec t ion  techniques and cor-  
re la ted  t o  contact performance tests .  Small q u a n t i t i e s  o f  Super 
J re lays were manufactured and tested on a d a i l y  basis, thereby 
a1 lowing f o r  the  assessment o f  process un i fo rm i t y  and con tm ina -  
t i o n  leve ls .  
Unfortunately,  there  are no standards f o r  acceptable con- 
taminat ion l eve l s  i ns ide  re lays t h a t  have been accurately cor-  
re la ted  t o  both performance and processes. Detect ion o f  contact 
contamination i s  accomplished by the use o f  e l e c t r i c a l  t e s t s  
t h a t  depend upon contact  res is tance measurements. Although con- 
t a c t  res is tance (Ref. 1-3) i s  extremely s e n s i t i v e  t o  p a r t i c u l a t e  
and f i l m  types of contamination t h a t  are w i t h i n  the I lregion o f  
influence,l1 i t  i s  only  capable o f  charac ter iz ing  a very small 
p o r t i o n  of the re lay 's .sur faces.  I n  a d d i t i o n  t o  contact  res i s -  
tance tes ts ,  mobi le p a r t i c u l a t e  contamination i s  assessed by d i r e c t  
observat ion a t  1 O X  magni f icat ion a f t e r  the f i n a l  c leaning opera- 
t ions .  Th is  technique i s  not quan t i t a t i ve ,  i s  h i g h l y  dependent 
upon the  operator, and i s  l i m i t e d  t o  p a r t i c l e s  i n  the 25-50 micron 
range. 
Contact res is tance and v i sua l  observat ion contamination de- 
t e c t i o n  techniques are not sens i t i ve  t o  the  gaseous forms o f  con- 
tamination, such as water vapor o r  res idual  organic f i Ims. Water 
vapor i s  a very ser ious problem due t o  I1 ic ing1l  a t  low tempera- 
tures.  Th is  form o f  contaminant can be found ins ide  sealed re- 
lays due t o  inadequate f i n a l  vacuum outgassing processes o r  d i f -  
fus ion through glass-to-metal seals. I t was not w i t h i n  the scope 
of t h i s  study t o  i nves t i ga te  glass-to-metal seal leakage, but 
ra the r  t o  charac ter ize  the leakage problem by i t s  e f f e c t  upon 
performance. 
I t  i s  important t o  recognize tha t  contamination and pro- 
cesses are  c l o s e l y  re la ted.  Relay manufacturing processes are 
designed t o  minimize contamination l eve l s  i ns ide  relays. i n  
some cases, the  process var iab lesare  not c l o s e l y  cont ro l led ,  
and i t  i s  poss ib le  f o r  the  process t o  introduce contamination 
i n t o  the  r e l a y  ra the r  than remove i t. This  can occur dur ing 
c leaning operat ion when the solvent p u r i t y  i s  not cont ro l led ,  o r  
dur ing welding operat ion where excessive weld splash o r  mater ia l  
t r a n s f e r  i s  present. Vacuum outgassing and backf i 1 1  ing processes 
can r e s u l t  i n  the i n t roduc t i on  o f  organic contamination due t o  
untrapped mechanical o r  d i f f u s i o n  pumps. Residual water vapor 
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l eve l s  are determined by the f i n a l  vacuum outgassing and back- 
f i l l i n g  processes. I t  has been the  experience o f  Deutsch Relay 
D i v i s i o n  t h a t  the c r i t i c a l  operat ions dur ing the  manufacture o f  
h igh  r e l i a b i l i t y  re lays  are the  cleaning, welding, and vacuum 
outgassing operations. 
In some cases, the c r i t i c a l  process con t ro l  parameter i s  not 
accurate ly  known o r  i s  inadequately con t ro l  led. The main reason 
for  t h i s  i s  t h a t  there  i s  l i m i t e d  knowledge i n  the f i e l d  as to 
which i s  t he  most c r i t i c a l  parameter t o  c o n t r o l  and a l s o  i t s  in-  
f luence on product performance. For  example, water vapor l e v e l s  
i n s i d e  sealed re lays  a re  genera l ly  spec i f i ed  i n  terms of the  dew 
p o i n t  o f  t h e  b a c k f i l l  gas and a l s o  the  water vapor concentrat ion 
i n  the f i n a l  seal ing chambers. Dew p o i n t  l e v e l s  below -65°C (Ap- 
prox. 10 ppm) are comnonly speci f ied.  Research a t  Deutsch Relay 
D i v i s i o n  i nd i ca tes  t h a t  excessive f r i c t i o n ,  wear and adhesion 
( co ld  welding) occur on re lays  t h a t  are processed under very d ry  
condi t ions.  Water vapor ac ts  l i k e  a boundary l ub r i can t  and lack  
o f  t h i s  t r a c e  l ub r i can t  r e s u l t s  i n  excessive f r i c t i o n  and wear 
problems. Th is  i s  a process con t ro l  problem, since too much water 
vapor w i l l  cause low temperature f a i l u r e s ,  w h i l e  i n s u f f i c i e n t  
q u a n t i t i e s  w i l l  r e s u l t  i n  c o l d  welding and excessive wear f a i l u r e s .  
By the a p l i c a t i o n  o f  advanced contamination de tec t ion  tech- 
niques (Ref. !-6) recent ly  introduced i n t o  the  Contamination con- 
t r o l  f i e l d ,  i t  was poss ib le  t o  charac ter ize  the type and leve l  o f  
contamination on re lays  as a func t i on  o f  var ious manufacturing 
processes. 
PROCESS EVALUATION 
This  phase o f  the  study was concerned w i t h  accurately 
cha rac te r i z ing  the  var ious processes w i t h  respect t o  un i fo rmi ty ,  
con t ro l ,  and contamination levels.  F igure 2 i s  a f l o w  char t  of 
t he  key assembly operations. The engineering Super J l i ne ,  
wherein re fe r red  t o  as the  ESJL, and associated equipment is il- 
l u s t r a t e d  i n  Figures 3-5. 
c lean benches as ind ica ted  i n  F igure 2. Operating personnel 
were t r a i n e d  i n  the  use o f  the  equipment, and a l l  personnel were 
garmented and capped. 
on a l l  assembly operat ions performed i n  the benches. 
P a r t i c u l a t e  Contamination Tests.--The c lass  100 benches, 
both the  v e r t i c a l  and ho r i zon ta l  f l  ow types, were checked i n i t i a l l y  
f o r  a i r  f l o w  v e l o c i t  i n  accordance w i t h  FED-STD-209. A Taylor 
velometer (vane type Y was used t o  check var ious loca t ions  across 
the  face o f  the  HEPA f i l t e r s .  
from the  requirement of 80-120 f e e t  per minute, No attempt was 
The c r i t i c a l  assembly operat ions were mounted i n  c lass  100 
Finger co ts  o r  p l a s t i c  gloves were used 
There were no major v a r i a t i o n s  
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made t o  determine the turbulance i n  these benches, but ra ther  only 
t o  assure t h a t  the a i r  f l ow  was representat ive o f  c lass  100 benches. 
l a t e  contamination i n  t he  5 micron range. A Dynac model M-101 
p a r t i c l e  counter was used. The sampling f l ow  r a t e  was 6-cfh. 
Two channels were ava i l ab le  f o r  s i z i n g  p a r t i c l e s  i n  the  0.5 t o  
5.0 micron range and those above 5.0 microns. I n  the s t a t i c  con- 
d i t i o n  (no worker a c t i v i t y ) ,  the benches met the requirements o f  
no p a r t i c l e s  g rea ter  than 5.0 microns and less than 100 p a r t i c l e s  
i n  the  0.5 t o  5.0 micron range. 
a t t e n t i o n  t o  cracks and leaks tha t  were i n i t i a l l y  found i n  the 
equipment. I t  was not possible, o f  course, t o  mainta in  the c lass  
100 cond i t ions  dur ing the assembly operations. Any worker a c t i v -  
i t y ,  p a r t i c u l a r l y  dur ing res is tance welding operations, would 
generate an excessive number o f  p a r t i c l e s  above the  l i m i t s .  No 
attempt was made t o  count these p a r t i c l e s  o r  character ize the work 
cond i t i on  using the  Dynac counter, since i t  was recognized t h a t  
these types o f  assembly operat ions generate p a r t i c l e s .  It was 
f e l t  t h a t  t h i s  ser ies  o f  t e s t s  ind icated t h a t  there was a minimal 
amount o f  a i rborne  contamination i n  the  assembly area associated 
w i t h  the environment. The increase i n  p a r t i c u l a t e  contamination 
was associated w i t h  worker a c t i v i t y  and the assembly operations. 
The next ser ies  of t e s t s  tha t  were conducted were f o r  pa r t i cu -  
This  was achieved only  by special 
Aerosol moni tor ing techniques were used t o  character ize 
p a r t i c l e s  above 25 microns. This technique, o u t l i n e  i n  ASTM 
F25-66T, uses a 47 mm membrane w i t h  a pore s i ze  o f  1.0 micron. 
By drawing an a i r  sample through the  membrane, t y p i c a l l y  ten  
cubic  f e e t ,  the p a r t i c l e s  c o l l e c t e d  on the membrane can be 
v i s u a l l y  inspected and characterized. A monocular microscope 
(magni f icat ions o f  40X and l O O X ) ,  mounted i n  a c lass  100 bench, 
was used t o  observe the types o f  p a r t i c l e s .  
I n  general, the  major contaminants observed were f i b e r s  
associated w i t h  the  garments and p l a s t i c  ma te r ia l  associated 
w i t h  the  gloves and f i nge r  cots. 
t i c l e s  were observed, these species were the most common. It 
was not t h e  purpose o f  t h i s  eva lua t ion  t o  perform s t a t i s t i c a l  
p a r t i c l e  count ing tes ts ,  but ra ther  t o  character ize the  species 
of p a r t i c l e s  f o r  l a t t e r  c o r r e l a t i o n  t o  those associated w i t h  
re lays  a f t e r  t es t i ng .  I t  i s  f e l t  t ha t  the p a r t i c l e  l eve l  could 
be lowered by c lose r  c o n t r o l s  on personnel and assembly operations, 
but the  subsequent t e s t  r e s u l t s  d i d  not warrant these extremes. 
Inspect ion o f  the  sub-assemblies and f i n a l  moduTe assembly 
a f t e r  c leaning was performed using a lox-30X stereomicroscope. 
Th is  was performed on 100% o f  the assemblies. Typ ica l l y ,  weld 
f l a s h  associated w i t h  the  header assembly and p l a s t i c  ma te r ia l s  
associated w i t h  the  f i n g e r  cots/gloves were found a t  t h i s  stage 
o f  evaluat ion,  These leve ls  were a func t i on  o f  operator t r a i n -  
i ng  and h i g h l y  dependent upon the  number o f  times a module was 
handled a f t e r  cleaning. 
Although o ther  types o f  par- 
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FIGURE 3 Engineering SUPER-J Assembly F a c i l i t y  
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FIGURE 5 Contact Resistance Test S ta t ion  and 
Solvent P u r i t y  Meter 
I n  subsequent comparisonsp l i t t l e  data was found t o  draw a 
d i r e c t  comparison between the p a r t i c l e s  found dur ing the assem- 
b l y  operat ions p r i o r  t o  seal ing and those ins ide  relays.  
U l t rason ic  Cleaner Evaluation.--Since the cleaning operat ion 
i s  f e l t  t o  be one o f  the  most c r i t i c a l  dur ing the assembly o f  the  
modules, a v a r i e t y  o f  t e s t s  were performed on t h i s  process. 
B r i e f l y ,  the  c lean in  system i s  a s i x  step, two solvent, u l t r a -  
son ica l l y  ag i ta ted,  9 40 KHz), r e c i r c u l a t i n g  and r e d i s t i l l i n g  
c leaner mounted i n  a c lass  100, v e r t i c a l  f l o w  c lean bench. 
Th is  system uses Freon TWD-602, a water-surfactant-Freon TF 
emulsion solvent, coupled w i t h  a Freon TF-Menthonal azeotrope 
solvent i n  a vapor degreaser conf igura t ion .  Both solvents were 
cont inuously r e c i r c u l a t e d  through f i l t e r s  i n  the  5-25 micron 
range. A hand spray lance w i t h  a 5 micron membrane f i l t e r  was 
used t o  spray r i n s e  the p a r t s  p r i o r  t o  t h e i r  f i n a l  vapor r inse.  
The se lec t i on  o f  thesesolvents was based on p r i o r  experiments 
dur ing the development o f  the Super-J re lay.  
t o  be h i g h l y  e f f e c t i v e  i n  removing the  b u l k  o f  handling contami- 
nants comnonly encountered i n  these assembly operations. Care 
must  be exercised t o  assure tha t  the  sur fac tan ts  are completely 
removed dur ing  the  r i n s i n g  steps i n  the Freon TF-Menthonal 
azeot rope. 
They are considered 
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The c a v i t a t i o n  i n t e n s i t y  i n  b o t K t h e  u l t r a s o n i c  tanks was 
measured using a 
ument, according t o  publ lshed l i t e r a t u r e ,  close1 
her forms o f  c a v i t a t i o n  i n t e n s i t y  measurements such as 
c h l o r i n e  release and lead/aluminum erosion tes ts ,  Th is  d i r e c t  
eading instrument detected i n i t i a l l y  a loose transducer element 
on one of t he  c leaners and was used t o  monitor and opt imize the 
cleaning f i x t u r e s  dur ing  the  design phases. The readings were 
not s tab le  enough t o  a l low f o r  the  rou t i ne  use o f  t h i s  instrument 
on a d a i l y  bas is  and the  i n i t i a l  eva luat ion o f  the  process d i d  
not i n d i c a t e  major v a r i a t i o n  i n  the  c leaning equipment t o  j u s -  
t i f y  t h i s  degree o f  instrumentation. Th is  type of equipment i s  
i d e a l l y  su i ted  f o r  pe r iod i c  moni tor ing o f  s i m i l a r  cleaners and 
op t im iza t i on  o f  c leaning f i x t u r e s .  
acrosonics Cav i ta t i on  Meter, Mode 
A Je t  E lec t ron i cs  Corp. Solvent P u r i t y  Meter, Model SPM, 
was used t o  evaluate and monitor the  Freon TF-Menthanol solvent 
used dur ing  the  f i n a l  c leaning operation. Operation o f  the 
instrument, i l l u s t r a t e d  i n  F igure 5, was found t o  be f a i r l y  
simple and c a l i b r a t i o n  data was reproducible t o  b e t t e r  than 5%. 
Measurements of so lub le residual  contamination l eve l s  i n  the  
cleaner were found t o  be r e l a t i v e l y  f a s t  s ince readings are made 
as soon as a sample i s  introduced i n t o  the  device. 
C a l i b r a t i o n  curves were made i n  the range between 1 and 
100 ppm using Freon PCA and DC704 d i f f u s i o n  pump o i l  as a 
standard contaminant. The u l t i m a t e  s e n s i s t i v i t y  was found t o  be 
below 1 ppm. Th is  instrument was used on a d a i l y  bas is  t o  
monitor t he  p u r i t y  o f  t he  solvent i n  the f i n a l  u l t r a s o n i c  tank 
as w e l l  as the p u r i t y  o f  t he  spray lance solvent. Since the 
cleaner cont inuously d i s t i l l s  the solvent, i t  was poss ib le  t o  
ma in ta in  t h e  spray lance p u r i t y  below 3 ppm. Typica l  readings 
ranged between less than 0.25 ppm t o  2.2 ppm f o r  the  spray 
lance and 0.5 ppm t o  14 ppm f o r  the u l t r a s o n i c  tank solvent. 
i n  a d d i t i o n  t o  moni tor ing the u l t r a s o n i c  cleaner, the 
solvent p u r i t y  meter was used t o  evaluate the  change i n  re- 
movable contamination f r o m  assemblies before and a f t e r  the 
c leaning process. The assemblies were u l t r a s o n i c a l l y  ag i ta ted  
i n  a v i r g i n  solvent before c leaning and a reading was obtained 
on the  solvent. 
had been cleaned i n  the  standard s i x  step c leaning process. 
Typ ica l l y ,  the  readings before c leaning ind ica ted  a l eve l  be- 
tween 5 and 10 ppm per u n i t .  A f t e r  cleaning, the leve l  was not 
detectable,  ( i .e. below 0.25 ppm), Th is  does not imply t h a t  the 
p a r t s  were completely clean, but ra ther  the  f a c t  t ha t  no addi- 
t i o n a l  contamination could be removed by the  process. Addi t ional  
in format ion concerning the a p p l i c a t i o n  and p r i n c i p l e  o f  operat ion 
o f  t h i  s equi pment can be found i n  the references (Ref e 6 & 7 )  e 
The same technique was used a f t e r  the p a r t s  
1Q ' 
I n  order t o  determine and evalu-ate the species o f  p a r t i c l e s  
associated w i t h  the  c leaning operation, hydrosol techniques were 
used, A membrane f i l t e r ,  pore s i z e  of 1.0 micron, was used t o  
f i l t e r  100 m l  samples of the solvent. The p a r t i c l e s  associated 
w i t h  the system were r e a d i l y  v i s i b l e  a t  magni f icat ion o f  40X and 
1OOX. Numerous t e s t s  were performed t o  categor ize these p a r t i -  
c les.  I n  general, both f i b e r s  g rea ter  than 100 microns and par-  
t i c l e s  i n  t h e  5 t o  50 micron range were found. Sane o f  these 
were associated w i t h  t h e  r e c i r c u l a t i o n  system on the  u l t r a s o n i c  
cleaner, whi l e  o thers were t y p i c a l  o f  hand1 ing  byproducts such 
as skin, p l a s t i c s ,  and garment f ibers .  A nominal attempt was 
made t o  reduce the  l eve l  i n  the  cleaners; however, they were not  
of a magnitude t o  be considered gross s ince grav imet r ic  measure- 
ments of the n o n - v o l a t i l e  residue d i d  not exceed 30% of the solu- 
b l e  residue as measured on the  solvent p u r i t y  meter. 
t r o l  technique, t he  solvent p u r i t y  meter was used exc lus ive ly  
a f t e r  t h i s  i n i t i a l  evaluat ion.  
As a con- 
Resistance Welding Evaluation.--Evaluation and op t im iza t ion  
o f  the weld schedules us ing the  techniques o u t l i n e d  i n  NASA SP- 
501 1, "Welding f o r  E l e c t r o n i c  Assemblies,11 were performed on 
c r i t i c a l  welds o f  t he  f i x e d  contacts t o  the header assembly. 
Since t h i s  was a source o f  weld f lash ,  an i nves t i ga t i on  was made 
t o  determine the  optimum weld schedule w i t h  respect t o  s t rength 
and minimal weld f lash .  
The p r o j e c t i o n  welding operat ion u t i l i z e d  Unitec DC capaci tor  
discharge welders. The f i x e d  contacts were go ld  p la ted  bimetals 
o f  s i l v e r  and n i cke l .  The weld was made between the n i c k e l  backing 
and a 52  a l l o y  n i c k e l - i r o n  terminal  p in.  Weld s t rength t e s t s  were 
r o u t i n e l y  made dur ing the  manufacturing phase o f  the study. I t 
was determined tha t ,  as a r e s u l t  o f  the mater ia l  combinations 
(n i cke l  and 52 a l l o y  n i c k e l - i r o n ) ,  a weld schedule could not be 
developed which would y i e l d  s a t i s f a c t o r y  weld s t rength w i thout  
t he  necessi ty o f  a weld f l a s h  removal operation. This  process 
was c r i t i c a l  fran the  standpoint o f  loose m e t a l l i c  p a r t i c u l a t e  
contamination s ince i t  involved a manual "p ick ing"  operation. 
Th is  problem of weld f l a s h  and associated p a r t i c u l a t e  con- 
taminat ion can be resolved by the use o f  a d i f f e r e n t  contact  
backing a l l o y  t h a t  more c lose ly  matches the e l e c t r i c a l  r e s i s t i v i t y  
of the terminal  p i n  ma te r ia l .  The e l e c t r i c a l  r e s i s t i v i t y  o f  the 
52 a l l o y  terminal  p i n  i s  43 micro-ohm centimeters, w h i l e  the 
n i cke l  contact  ma te r ia l  backing i s  on ly  9.5 micro-ohm centimeters. 
By using a copper-nickel a l l o y  w i t h  a r e s i s t i v i t y  o f  37 micro-ohm 
centimeters, the  weld f l a s h  problem can be e l iminated wi thout  
s a c r i f i c i n g  the strength.  
fus ion zones o f  these two mate r ia l s  confirmed t h i s  f i nd ing .  
Unfortunately, t h i s  contact  ma te r ia l  was not ava i l ab le  f o r  the 
program, and the n i c k e l  backed contact  a l l o y  was used f o r  the 
manufacture o f  the t e s t  re lays.  This  i s  an area f o r  add i t i ona l  
op t im iza t i on  a t  sane l a t e r  date. 
Meta l lographic  comparisons o f  the 
1 1  
he vacuum outgassing process 
ences as being one o f  
ompletely trapped, 
w i t h  an ambient b a f f l e  and a 
ca l  pumps were trapped w i t h  
i r e  system was automatic and 
o f  the  double door cons t ruc t ion  
which al lowed f o r  loading of the re lays  i n  a i r  and unloading the 
u n i t s  i n  a c o n t r o l l e d  atmosphere r e c i r c u l a t i n g  type dry  box. 
Ins ide  the  dry  box, a DC res is tance welder was i n s t a l l e d  f o r  
f i n a l  sea l ing  the  1-mm vacuum outgassing o r i f i c e  w i t h  a b a l l .  
The atmosphere of the dry  box was r e c i r c u l a t e d  through an oxygen 
furnace t o  remove t races of 02 and a "dryer" of the  molecular sieve 
type t o  reduce the  water vapor l eve l  t o  less than 10 ppm. The dry  
box was f i l l e d  w i t h  the  b a c k f i l l  gas: 9-11% helium, balance 
n i t rogen.  T h i s  m ix tu re  was monitored w i t h  a gas chromatographic 
system. Water vapor was measured w i t h  a panametrics type moisture 
monitor probe capable of reso lv ing  less than 10 ppm. 
l a r i t y  t o  the e x i s t i n g  techniques. 
less than 5( 10-5) t o r r ,  less than 20 ppm H20 backf i  1 1  atmosphere 
( t ldry l l ) .  Dur ing the  e a r l y  phase of the study, a h igh  percentage, 
g rea ter  than SO%, of the re lays  exh ib i t ed  low l eve l  co ld  weld 
f a i l u r e s  a f t e r  20,000 t o  30,000 cycles. The r e s u l t s  were incon- 
s i s ten t ;  however, i t  was noted t h a t  there  appeared t o  be some 
c o r r e l a t i o n  between the  amount o f  water vapor ins ide  the contact  
module and the  c o l d  welding. Using t h i s  hypothesis, i t  was de- 
c ided t o  opt imize the  vacuum outgassing cyc le  so t h a t  a s u f f i c i e n t  
leve l  o f  res idua l  water vapor was l e f t  i ns ide  the contact module 
t o  act  as a boundary l ub r i can t  and thereby minimize the st'ccking 
problem wi thout  c r e a t i n g  low temperature l l i c ing"  problems a t  
-65°C. Using t h i s  approach, a ser ies  of experiments were per-  
formed i n  which the  mois ture l eve l  i n  the  dry  box was increased 
up t o  2,000 ppm and the  t ime temperature and u l t i m a t e  pressure 
were va r ied  as shown i n  Table 1 .  
The i n i t i a l  vacuum outgassing c y c l e  was developed by s imi-  
I t  was a 200°C, 16 hour, 
I t  was concluded from these ser ies  o f  experiments tha t  the 
16 hour, 2OO0C, less than S(lO-5) t o r r  c y c l e  coupled w i t h  a lldryll 
b a c k f i l l  atmosphere was causing excessive c o l d  welding which 
could be successfu l ly  minimized by reducing the t ime and tempera- 
t u r e  of  the  vacuum outgassing process. An opt imized process tha t  
was used throughout the  e n t i r e  study was a compromise between low 
temperature performance and c o l d  we 
mind t h a t  the c o l d  welding phenomen a t e r i a l  l i m i t a t i o n  
which i s  minimized, but not el iminated, by leaving a higher re- 
s idual  water vapor l eve l  i ns ide  t h e  c modUtes as a r e s u l t  
of the vacuum outgassing processes. 
17S°C,  1 l/Z-hours, less  than 10-2 t o  apped mechan i ca 1 
pump) w i  t h  a IldryIl back f i  1 and dry  box atmosphere of less than 
20 pprn water vapo,r. 
t should be borne i n  
na l i zed  c y c l e  was: 
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e pre l im inary  r e s u l t s  he r e s u l t s  re- 
t he  next sec t ion  conf i 
best, and the  f i n a l  sotlu 
phenmenon on contacts operated i n  a IrdryIr atmosphere invo lves 
a contact ma te r ia l  change, 
TABLE 1 
COLD WELDING, LOW TEMPERATURE PERFORMANCE, AND VACUUM 
OUTGASSING PARAMETER EXPERIMENT SUMMARY 
Vacuum Outgassing Parameters 
Temperature Time Pressure 
( " C )  ( H r s )  (Torr )  
200 
200 
200 
200 
170 
175 
175 
1 75 
175 
16 
16 
16 
4 
3 
2 
2 
1 
1 
(10-5)* 
(10-5)* 
(10-5)* 
( io+)*  
( i o+ ) *  
( lo 's)*  
( lo+)*  
(10-5)* 
(10-2)* 
Dry Box Test Resul ts 
Mois ture Level Cold Weldin 
(ppm) (Fai l u re /Q ty  
20* 
2,000 
300 
20* 
20* 
20* 
600 
20 
20* 
12/17 
None 
41'6 
113 
113 
117 
0/9 
017 
019 
Passed 
loo% Fai lure 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
Passed 
*Upper l i m i t ,  less than speci f ied value; CR=Contact Resistance 
Contact Resistance Tests.--Contact res is tance is considered 
t o  be an i n d i c a t o r  o t  t he  surface cond i t i on  o f  e l e c t r i c a l  con- 
tac ts .  I t  i s  q u i t e  s e n s i t i v e  t o  var ious forms o f  contamination. 
The contact  res is tance d i s t r i b u t i o n s  o f  var ious  l o t s  are exce l len t  
indickifiors o f  process un i fo rmi ty ,  Four d i f f e r e n t  techniques o f  
measuring contact  res is tance were inves t iga ted  i n  t h i s  phase o f  
the  study. 
The c l a s s i c a l  contact  res is tance technique, as def ined by 
m i l i t a r y  and o ther  spec i f i ca t i ons ,  u t i l i z e s  t h e  f o u r  terminal  
voltmeter-ammeter method which minimizes the  e r r o r  associated 
w i t h  leads and sockets. Open c i r c u i t  vo l tages up t o  6 v o l t s  a r e  
used w i t h  cur ren ts  ranging between 0.1 and 2.0 amperes. A com- 
par ison was made between s t a t i c  readings us ing a 10 mi l l iampere, 
50 m i l l i v o l t  DC c i r c u i t  and a 0.1 and 2.0 ampere, 6 v o l t  DC 
c i r c u i t .  No s i g n i f i c a n t  defference i n  measurements could be 
found on resistances below 100 mi l l iohms.  A t  h igher contact  
resistance, t he  res is tance was so unstable t h a t  i t  was not 
poss ib le  t o  ob ta in  accurate c o r r e l a t i o n ,  
if the c r i t e r i o n  f o  acceptance was below 50 mi l l iohms, the  
It was concluded t h a t  
measurement parameters were not c r i t i c a l  p rov id ing  the contacts 
d i d  not make o r  break the current ,  
Due t o  contamination phenomenon, re lays  can e x h i b i t  low 
and s tab le  resistances fo r  the f i r s t  three t o  f i v e  operations 
on the same contact, hen there i s  a gradual increase i n  the 
res is tance which w i l l  genera l ly  appear w i t h i n  t h i r t y  operat ions 
if the contact  i s  unstable. This  v a r i a t i o n  i n  contact resistance 
i s  r e a d i l y  observable on an osc i l l og raph ic  recorder. Typica l  
recorder t races using a 100 mi l l iampere, 6 - v o l t  contact load 
are shown i n  Figures 6 and 7. Almost a l l  of these v a r i a t i o n s  
would not be detected using the standard three reading method 
described above. This  recorder technique was used as a con t ro l  
method f o r  the  f i n a l  c leaning operat ions o f  the contact module. 
The c r i t e r i a  were a maximum o f  30 m i  l l iohms and an a1 lowable 
v a r i a t i o n  o f  5 mi l l iohms i n  t h i r t y  operations. This  technique 
has been found t o  be simple, f a s t ,  accurate, and a more d e f i n i -  
t i v e  measurement of contact  resistance. 
U n t i l  recent ly ,  i t  was not poss ib le  t o  measure d i r e c t l y  the  
I 'trueI' contact  res is tance o f  a sealed re lay.  The prev ious ly  
described methods measure the contact  res is tance f rom terminal  
p i n  t o  terminal  p in.  The r a t i o  o f  the e x t e r n a l l y  measured con- 
t a c t  res is tance t o  the  t t t ruel l  contact  res is tance i s  between 
three and ten  depending upon the ma te r ia l s  and design. This 
has a considerable masking e f f e c t  when one examines the  cond i t i on  
of  the  contact  i n t e r f a c e  by measuring the  o v e r a l l  resistance. 
New techniques which depend upon the non- l inear  c h a r a c t e r i s t i c s  
o f  the c o n s t r i c t i o n  res is tance have been reported by Russakoff 
and Snowball(Ref. 8)  and Whit ley (Ref. 9) .  I t  was f e l t  t ha t  
these techniques were d i r e c t l y  app l i cab le  t o  re lays s ince the 
I l truel l  contact  res is tance can be measured d i r e c t l y  and e r r o r s  
due t o  sockets and the  masking e f f e c t  due t o  the loop resistance 
are el iminated. 
A Burndy model 1.2 contact  res is tance meter was used t o  
evaluate the  a p p l i c a t i o n  o f  t h i s  technique t o  the Super- 
t a c t  modules. Since t h i s  i s  a 1ab.oratory instrument, an 
ments of  changes o f  5 t o  10 m ic rovo l t s  a re  made, i t  was not 
poss ib le  t o  perform 100% t e s t i n g  on a l l  u n i t s  as a con t ro l  
technique. 
s i l v e r  a l l o y  cross-rod p a i r .  he"true" contact  res is tance 
readings ranged between 0.7 and 5.0 m i  1 1  iohms w i t h  an average of 
1.1 m i l l i o h m s .  Table I !  i s  a comparison between the  o v e r a l l  con- 
t a c t  res is tance and the I ' truel l  contact  res is tance on representa- 
t i v e  go ld  p la ted  s i l v e r  a l l o y  Super-J contact  modules. Due t o  
thermal e lect romot ive forces, i t  was found not t o  be p r a c t i c a l  
tomeasure the  normally open contacts s ince the t ime necessary 
t o  s t a b i l i z e  the instrument was excessive. I t was concluded 
tha t  t h i s  p a r t i c u l a r  instrument was not su i ted  f o r  process con- 
t r o l  app l i ca t i ons  because o f  the  complexity o f  the measurement 
which was a l s o  t ime consuming. That i s  not t o  say t h a t  the 
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The instrument was c a l i b r a t e d  using a go ld p la ted  
n 
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p r i n c i p l e  was not v a l i d  f o r  process cont ro l  appl icat ions,  on ly  
t h a t  t h i s  p a r t i c u l a r  device was designed more f o r  laboratory  
measurements. 
TABLE I I  
REPRESENTAT I VE SUPER J OVERALL CONTACT RES I STANCE 
COMPARED WITH "TRUE" CONTACT RES1 STANCE 
-c 
Contact 
N umbe r 
NC4 
NC8 
NC4 
NC8 
NC 4 
NC8 
NC4 
NC8 
Read i n g  
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Overal l  Resistance 
(Mi l l iohms) 
12.3 
12.3 
13.8 
13.7 
12.2 
13.5 
12.8 
12.. 9 
13.2 
13.1 
14.1 
13.7 
12.9 
13.8 
13.8 
13.8 
"True1' Resi stance 
(Mill iohrns) 
0.7 
0.7 
1 .o 
1 .o 
0.5 
1.5 
0.8 
0.9 
1.2 
1.1 
1.2 
1 .o 
0.7 
2.0 
1.5 
1.5 
The remaining contact  res is tance measuring technique tha t  
has d i r e c t  process evaluat ion app l i ca t i ons  as w e l l  as contact 
ma te r ia l  eva lua t ion  appl icat ions,  u t i l i z e d  the ASTM micro con- 
t a c t  t e s t e r  (Ref, 10 & 1 1 ) .  Th is  instrument uses 0.0151i d ia -  
meter, crossed-rod geometry w i  res t o  measure d i  rec t  l y  the con- 
t a c t  resistance. By using h igh  p u r i t y ,  etched go ld  wires,  i t  
i s  poss ib le  t o  evaluate the in f luence of  var ious c leaning so l -  
vent.s by comparing the  measurement t o  a go ld  standard cleaned by 
chemical techniques. This  procedure was evaluated i n i t i a l l y  w i t h  
respect t o  the u l t r a s o n i c  c leaning solvents and the e f f e c t  o f  
storage on contact resistance, Due t o  the range of data below 
1.0 gram, on ly  those values above 1.0 gram were considered 
s i g n i f i c a n t .  Based on these tes ts ,  i t  was determined tha t  the 
c leaning system d i d  not leave a residue t h a t  d i r e c t l y  a f fec ted  
the  contact  resistance. This  equipment i s  q u i t e  d e l i c a t e  and 
was used on ly  i n  these i n i t i a l  s tud ies and the contact  ma te r ia l  
phase t o  demonstrate the a b i l i t y  o f  the c leaning system t o  
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y i e l d  s tab le  contact  res is tance when compared t o  t h e o r e t i c a l  
values, 
.--The o v e r a l l  performance o f  the  Super 
con t h i g h l y  dependent upon the  degree o f  her- 
m e t i c i t y  obtained. As a resu l t ,  f o u r  measurements of  seal 
i n t e g r i t y  were made dur ing the  study on a l l  re lays.  
Immediately a f t e r  the e lec t ron  beam weld seal ing o f  the 
header t o  the housing and the  P G weld seal ing o f  the  seal 
p l a t e  to the motor assembly, a gross leak t e s t  waS made on 
a l l  u n i t s .  The t e s t  was performed by pressur iz ing  the  ins ide  
of the module w i t h  45 ps ig  of  n i t rogen  and submerging the 
e n t i r e  module i n  Freon. Any bubbles emi t t i ng  f r o m  the  module 
were i nd i ca to rs  o f  excessive leakage. I n  general, the  major 
areas of leakage found a t  t h i s  po in t  were associated w i t h  the  
motor assembly and the  brazing operat ion used t o  secure the  
cores t o  the seal p la te .  
A l l  u n i t s  t h a t  passed the  gross leak t e s t  were subjected t o  
a f i n e  leak t e s t  by evacuating the ins ide  of  the relays,  through 
the outgassing o r i f i c e ,  on a VEECO S-12-Ab helium type mass 
spectrometer leak detector,  the s e n s i t i v i t y  o f  which was less 
than 5(10"11) atm cc/sec o f  helium. By spraying hel ium fran 
a f i n e  probe, i t  was poss ib le  t o  p in -po in t  leak loca t ions  i f  
they were grea ter  than 10-9 atm cc/sec o f  helium. This  i n f o r -  
mation was accumulated f o r  a11 relays,  
Fol lowing the vacuum outgassing operation, when the con- 
t a c t  module was completely sealed (and b a c k f i l l e d  w i t h  a 10% 
t r ace r  o f  helium), an add i t i ona l  set o f  readings were made on 
the  module by using the  i i be l l - j a r l i  technique, The f i n a l  
readings were made f o l l o w i n g  the  l i f e  t e s t s  using the  same 
technique as above. A l l  t h i s  in format ion was used t o  cor-  
r e l a t e  performance, atmosphere and leakage on the Super J t e s t  
re lays.  
Manufacture o f  Test Relays 
This  phase of the  study was concerned w i t h  es tab l i sh ing  
the o v e r a l l  process un i fo rm i t y  and r e l a t i n g  process and con- 
taminat ion va r iab les  t o  contact  performance. Only minor process 
v a r i a t i o n s  were permitted. 
constant; i.e. go ld  p la ted  s i l v e r  a l l o y  contacts. 
v a r i a t i o n  was made from the l i m i t s  reported i n  Table I 
The contact  ma te r ia l  was he ld  
The contact  adjustment parameters were f rozen and no 
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CONTACT ADJUSTMENT PARAM 
Normally c losed contact  f o rce  
Normally open contact  f o rce  
Contact gap 
Return spr ing fo rce  
9-13 grams 
17-23 grams 
0.010-0.012 inch 
7-10 grams 
Since these re lays  are fo rce  adjusted, the.operate and 
release vo l tage i s  not an ad jus t i ng  parameter as i s  the case on 
conventional re lays.  
A t o t a l  o f  f i v e  l o t s  (14, 16, 18, 20 E 22) were manufactured 
i n  small groups o f  7 t o  10 re lays each. These u n i t s  were manu- 
fac tu red  on a d a i l y  bas is  and tested f o r  contact  performance 
w i t h i n  two days. I n  t h i s  way, i t  was poss ib le  t o  c o r r e l a t e  
process discrepancies w i t h  contact  performance on a short term 
basis. The o v e r a l l  manufacturing y i e l d  was 78%. This  l o w  
y i e l d  was completely associated w i t h  leakage o f  t he  module. 
TABLE I V  
SUMMARY OF LOT AND GROUP S I Z E S  OF SUPER J CONTACT 
MODULES MANUFACTURED 
Lot  
14 
16 
18 
20 
22 
- Groups 
3 
12 
10 
8 
3 
Oty. Loaded Oty. Tested 
21 
84 
73 
56 
30 
21 
76 
46 
39 
22 
Y ie ld  
91% 
63% 
70% 
7 4% 
-I 
TOTAL 36 264 204 78% 
Although these y i e l d s  appear low, i t  must be borne i n  mind 
t h a t  the c r i t e r i o n  f o r  leakage was less than 2(10'9) atm cc/sec 
and u n i t s  were not tes ted  t h a t  exh ib i t ed  leaks greater  than lom6 
atm cc/sec. These u n i t s  t h a t  had o r  developed leaks dur ing the 
l i f e  t e s t s  suppl ied s i g n i f i c a n t  in format ion concerning the  e f f e c t  
of he rmet i c i t y  on contact  performance. Table V i s  a representa- 
t i v e  summary o f  the  he rmet i c i t y  o f  the  contact  modules a t  var ious 
stages o f  the  study. 
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TABLE V 
Y OF CONTAC MODULES DURING VARIOUS PHASES OF TH€ STUDY 
_ _ ~  
Leakage Class ( A t m  cc/sec of  Helium) 
Gross 
2(10)-9 10-8 10-7 10-6 10-5 10-5 
Before Vacuum Bake 29% 6% 2% 2% 1% 60% 
P r i o r  t o  Tests 5 4% 5% 1 4% 10% 1 1 %  6% 
A f t e r  L i f e  Tests 61% 27% 4% 6% 2% ..I.. 
The h i g h  incidence of  gross leakage before the  vacuum bake 
and the  rad ica l  change i n  y i e l d  i s  associated w i t h  the  her-  
m e t i c i t y  o f  t he  motor assembly. The apparent improvement i n  
the  y i e l d  is  associated w i t h  the  sealant used as a mois ture 
b a r r i e r  between the c o i l s  and seal p l a t e  p r i o r  t o  vacuum baking. 
Th is  s i l i c o n e  r e s i n  acted as a sealant o f  a temporary nature; 
however, no sealant was used on the  header. 
A d e t a i l e d  ana lys is  of t he  loca t ion  and cause o f  the  leakage 
problem was performed. The r e s u l t s  ind icated t h a t  over 90% o f  
t he  f a i l u r e s  were due t o  a marginal o r  de fec t i ve  braze sea? be- 
tween the  core and seal p l a t e  of t he  relays. Th is  d i d  not show 
up dur ing t h e  i n i t i a l  hermetic t e s t s  on the  motor assemblies 
a f t e r  brazing. However, i t  became pronounced when the  u n i t s  
were T I G  welded (most l i k e l y  due t o  the  thermal stresses) and 
a l s o  dur ing t h e  f i n a l  operat ions where the  backstrap was 
crimped t o  the  cores (most l i k e l y  due t o  the  mechanical stresses 
on the  braze j o i n t s ) .  The braze seal ing operat ion was performed 
i n  a hydrogen atmosphere using a e u t e c t i c  go ld  germanium a l l o y .  
Th is  ma te r ia l  has a very low d u c t i l i t y  (2-3%) and the  e u t e c t i c  
a l l o y  i s  apparent ly not s u i t a b l e  f o r  brazing large gaps. Shrink- 
age c a v i t i e s  were encountered as evidenced i n  metal lographic 
cross-sect ions. 
As a r e s u l t  o f  these f ind ings ,  Lot 18 u t i l i z e d  a t w o  step, 
AgCuSn braze process designed t o  minimize t h i s  problem. There 
was a marked improvement i n  leakage resu l ts ,  but  the  motor ad- 
justment was a f fec ted  and loss was encountered due t o  the  mechani- 
c a l  and magnetic problems associated w i t h  t h i s  process. Lots 20 
and 22 used the  gold-germanium braze a l l o y  w i t h  reduced braze 
gaps i n  the  motor assembly and acceptable r e s u l t s  were obtained 
w i t h  respect t o  s t rength  and hermet ic i ty .  
Contact Performance Tests 
A worst-case t e s t  program was designed t o  s t ress  the  ef fects  
of ma te r ia l s  and contamination on contact  performance, Par t l cu-  
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l ar  a t t e n t i o n  was given t o  the  low temperature t e s t  procedure 
s ince the  e f f e c t  of water vapo 
sidered as a major f a c t o r  on these relays, 
on contact performance was con- 
u n l t s  were measured f o r  the  
and f c h a r a c t e r i s t i c s  on automatic t e s t  equip- 
ment. Measurements o f  c o i l  resistance, operate-release vo l tage 
and time, contact  bounce and contact resistance a t  1 0 0 - m i l l i -  
amperes, 6 v o l t s  (eleven readings per contact )  were performed. 
This  data was punched on IBM cards and run through an I B M  360/20 
system f o r  c o l l a t i o n  and p r i n t - o u t .  The data was presented i n  
such a form t h a t  the  i n i t i a l  and f i n a l  readings on the sane re- 
lay were below one another. These t e s t s  were a l l  performed a t  
room temperature (20-32@C) 
intermediate, and power loads. The s p e c i f i c  procedures are out -  
l i n e d  below. 
The l i f e  t e s t s  were d iv ided i n t o  th ree  levels:  low leve l ,  
Low leve l  l i f e  t e s t s  were conducted using 300 microampere, 
30 m i l l i v o l t ,  1 KHz, s igna ls  w i t h  a de tec t ion  c r i t e r i o n  o f  10 
ohms contact  res is tance and/or a contact  weld i n  excess o f  50 
mi l l iseconds.  A c y c l i n g  r a t e  o f  240 operat ions per minute was 
used. I t  was poss ib le  on t h i s  equipment t o  determine the  d i f -  
ference between misses t h a t  were due t o  contact  res is tance and 
those associated w i t h  welding. The t e s t  sequence was: 
1. Contact Resistance a t  125*C, 3 Rdgs./cont, 
2. 50,000 Operations a t  1 2 5 O C  
3. Contact Resistance a t  125'C, 3 Rdgs./cont. 
4. Thermal Shock De-energized t o  -65 C, soak 
1/2 Hour,Energize 1/2 Hr.  ,Measure Contact 
Resistance, 3 Rdgs./cont. 
5. 50,000 Operations a t  -65°C 
6. Contact Resistance a t  -65"C, 3 Rdgs./Cont. 
7. Contact Resistance a t  25'C, 3 Rdgs./Cont. 
Th i s  low l eve l  l i f e  procedure was extremely use fu l  i n  c o r r e l a t i n g  
the  low temperature contact  performance w i t h  moisture. Step 4 
i s  q u i t e  c r i t i c a l  s ince i t  i s  designed t o  subject  the contact 
module' t o  t h e  la rges t  temperature gradients. 
ampere, r e s i s t i v e ,  28 v o l t  DC contact  load. I n  the  m a j o r i t y  of 
cases, an osc i l l og raph ic  recorder was used t o  measure the  con- 
t a c t  res is tance dur ing  each operation. The t o t a l  operat ions 
were 100,000 cyc les  a t  1 2 5 O C  w i t h  a c y c l i n g  r a t e  of  90 opera- 
t i o n s  per  minute. 
taminat ion and can cause the contact  res is tance t o  increase t o  
the  order  o f  1 t o  10 ohms due t o  an ' 'ac t ivat ion ' '  phencmenon. 
The ii i i termediate load l i f e  t e s t s  were run us ing a 100 m i l l i -  
T h i s  t e s t  i s  q u i t e  s e n s i t i v e  t o  organic con- 
Power loab l i f e  t e s t s  were conducted a t  125'6 using a 2- 
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ampere, r e s i s t i v e ,  28 v o l t  C and a 60 operat ion per minute 
c y c l i n g  rate.  The f a i l u r e  r i t e r i o n  was contact  res is tance i n  
excess o f  3 ohms and/or welds greater  than 50 mi l l iseconds.  
he f a i l u r e s  were catagor ized according t o  parametric types 
where on ly  a miss would be reg is te red  and ca tas t roph ic  types 
where a v i s u a l  i n d i c a t i o n  o f  a contact f a i l u r e  was observed. 
There was no v a r i a t i o n  i n  these procedures dur ing both phases 
Test Results.-- Table V I  i s  a summary o f  the o v e r a l l  contact  
of the  study. A l l  data i s  d i r e c t l y  canparable. 
performance of the  188 re lays  tested 
TABLE V I  
SUMMARY OF OVERALL CONTACT PERFORMANCE OF LOTS 14, 16, 18, 20 E 22 
36 Groups, 
188 Relays 
LOW LEVEL LIFE TEST 
Miss F a i l u r e s  i n  105 Operations 
M i s s  F a i l u r e s  a t  125'C 
Miss F a i l u r e s  a t  -65°C 
CR 30 Mi l l iohms a t  125/25OC 
CR 30 Mi l l iohms a t  -65°C 
INTERMEDIATE LOAD LIFE (100 ma) 
CR 100 M i  1 liohms 
Welds 
POWER LOAD LIFE (2 Amperes) 
Catastrophic F a i l u r e  Mode 
Parametric F a i l u r e  Mode 
Notation: Fai lure/sanple size; CR Contact Resistance 
25 /69 
16/25 
13/25 
6 /69 
22/69 
1 /58 
4/58 
8/6 1 
25 / 6  1 
The l o t  u n i f o r m i t y  i s  tabulated i n  Table V I I .  
Analysis of the e l e c t r i c a l  c h a r a c t e r i s t i c s  measured before 
and a f t e r  t he  l i f e  t e s t s  ind ica ted  t h a t  they were remarkably 
stable.  The most s i g n i f i c a n t  parameter was the  comparison o f  
the contact  res is tance measurements. O f  the 17,688 readings, 
on ly  f i v e  contacts exceeded 30 mi l l iohms. They ranged between 
35 and 66 mi l l iohms and were associated w i t h  re lays t h a t  had 
been subjected t o  the  intermediate load l i f e  tes ts .  There was 
no s i g n i f i c a n t  s h i f t  i n  the contact res is tance d i s t r i b u t i o n  
as a r e s u l t  o f  the  100,000 operat ion l i f e  tes ts .  The avera e 
mi l l iohms, excluding the  f i v e  contacts above 30 mil l tohms, I n  
contact  res is tance was 23 mi l l iohms w i t h  a range o f  18 t o  2 8 
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general, t he re  was no s h i f t  i n  the e l e c t r i c a l  parameters tha t  
co r re la ted  t o  the l i f e  t e s t  f a i l u r e s .  
he Bow l eve l  l i f e  t e s t  r e s u l t s  were character ized by two 
types o f  f a i l u r e  modes. The f i r s t  occurred dur ing the 50,000 
operat ions a t  1 2 5 O C  and was found t o  be caused by co ld  welding 
of the  contacts. Typ ica l l y ,  20,000 t o  30,000 operations were 
requi red before t h i s  f a i l u r e  mode was evident, This was due t o  
the  wear o f  the go ld  p l a t e  and the subsequent exposure o f  the 
s i l v e r  subst rate which was the  ma te r ia l  t ha t  was prone t o  cold' 
weld. Th is  mode would occur on ly  on re lays  t h a t  exh ib i t ed  no 
evidence o f  temperature dependent f a i l u r e s .  The second f a i l u r e  
mode occurred a t  low temperature and was associated w i t h  a 
module's atmosphere (h igh  concentrat ions of water vapor). I t  
is estimated t h a t  these f a i l u r e  modes were approximately equal ly  
d i v ided  and represented two fundamental mechanisms. 
TABLE V I  I 
LOT TO LOT CONTACT PERFORMANCE UNIFORMITY 
22 
M i s s  F a i l u r e s  i n  105 Oper. 4/6 8/25 3/17 8/14 2/7 
5 18 2 /2  M i s s  F a i l u r e s  a t  1 2 5 O C  4/4 4/8 
M i s s  F a i l u r e s  a t  -65°C 1/4 5/8 213 
s
20 -18 -16 -14 -
LOW LEVEL LIFE TEST 
'I  5/8 0/2 
CR 30 Mi l l iohms a t  1 2 5 / 2 5 O C  1/6 1/25 3/25 4/14 0/7 
CR 30 Mi l l iohms a t  -65°C 1/6 9/25 6/25 5/14 117 
INTERMEDIATE LOAD LIFE (100 ma) 
CR 100 Mi l l iohms 0/6 0/23 1/14 0/8 0/7 
Welds 1/6 1/23 1/14 0/8 1 /7 
POWER LOAD LIFE ( 2  Amperes) 
Catastrophic Fai l u r e  Mode 014 4/22 4/14 13/15 4/8 
Parametric F a i l u r e  Mode 014 0/22 1/14 3/15 3/8 
Notation: Failure/Sample Size; CR Contact Resistance 
The intermediate load l i f e  t e s t s  (100 mi l l iampere)  were q u i t e  
consis tent .  Only one u n i t  exceeded 100 mi l l iohms, This  confirms 
the  hypothesis t h a t  the organic contamination l eve l s  i n  the  con- 
t a c t  modules are q u i t e  low. Normally open contact  welds were 
encountered and t h i s  co r re la tes  w i t h  the  f a i l u r e  mode found dur ing 
low l eve l  l i f e  tes ts .  Th is  i s  not a "co ld  weld" since a s l i g h t  
amount of  a r c i n g  occurs w i t h  t h i s  contact  load; however, the f a c t  
t h a t  the  welds d i d  occur on f o u r  o f  the  58 u n i t s  tesred ind ica tes  
the  m a r g i n a l i t y  o f  t he  contact  ma te r ia l  system. 
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During the power l i f e  t e s t s  a t  125'C, the predominate f a i l -  
E ight  f a i i -  u re  mode was welding of the  normally open contacts. 
ures were v i s u a l l y  confirmed and the m a j o r i t y  o f  the parametric 
f a i l u r e s  a re  suspected t o  be short durat ion,  weak welds on t h e  
normally open contact  mater ia l .  
I n  general, t h i s  t e s t  program ind ica ted  two basic types 
of f a i l u r e  modes: welding of  the contact ma te r ia l  and low 
temperature contact  res is tance f a i l u r e s .  The exact c o r r e l a t i o n  
and f a i l u r e  mechanism was studied i n  the  f o l l o w i n g  section. 
Relay Analysis and Cor re la t i on  
I n  analyzing the  data and fa i l u res ,  some i n t e r e s t i n g  
abnormal i t ies  were uncovered. As prev ious ly  indicated, there 
appeared t o  be a c o r r e l a t i o n  between the  c o l d  welding, atmosphere 
and leakage parameters i n  general. Th is  was independent o f  con- 
t a c t  loads but was most pronounced dur ing the  low l eve l  l i f e  
tes ts .  
Low Temperature Analysis.--Table V l l l  i s  a summary o f  f o u r  
representat ive f a i l u r e s  t h a t  e x h i b i t  two d i f f e ren t  t w e s  o f  
abnormal i t  ies. 
TABLE V I  I I 
TYPICAL LEAKAGE, ATMOSPHERE, AND LOW TEMPERATURE CONTACT FA1 LURES 
CR - U n i t  Leak Rate A f t e r  Test Conc. CR 
399 1 (10-6) 3(10°8) 1.6% Open 23 
I n i t i a l  Leak Rate He1 ium -65°C 2 5 O C  
- 
420 ND L NDL 1.0% Open 19 
439 ND L 3(  10-9) 8.5% Open 20 
45 9 NDL ND L 8.2% Open 19 
Notation: NDL Not Detectable, less than Z ( l O - 9 ) ;  CR Contact 
Resistance, mi l l iohms. 
Relays 399 and 420 are  examples o f  u n i t s  t h a t  have had a 
complete exchange o f  t he  atmosphere due t o  leakage. Relay 420 
i s  an example of a re lay  passing a l l  the  leak t e s t s  because i t  
contained no t r a c e  o f  helium. This  leakage was associated w i t h  
the  motor assembly as prev ious ly  reported. Relays 439 and 459 
are examples o f  re lays  w i t h  apparently good atmospheres, no leak- 
age, and yet  they f a i l e d  the low temperature tes ts .  I t  was sus- 
pected t h a t  t h i s  type o f  f a i l u r e  was associated w i t h  the vacuum 
outgassing process, I n  order t o  minimize the co 
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problems, as p rev ious ly  discussed, the vacuum outgassing cyc le  
was a compromise between h igh l e v e l s  of res idua l  water vapor and 
a completely IldryIt atmosphere. It i s  poss ib le  f o r  the res idual  
water vapor t o  vary i ns ide  the  modules depending upon the  ambient 
r e l a t i v e  humidi ty t h a t  they are exposed t o  p r i o r  t o  the vacuum 
bake, A res idua l  gas ana lys is  was performed on t w o  add i t i ona l  
u n i t s  t h a t  exh ib i t ed  t h e  same f a i l u r e  mode. The r e s u l t s  are 
tabulated i n  Table I X .  
TABLE I X  
RES t DUAL GAS ANALYSI S ON LOW TEMPERATURE FA1 LURES 
Const i tuent 
Ni t rogen 
Helium 
Oxygen 
Argon 
€arbon Diox ide 
Hydrogen 
Organics 
Tota l  Gas, cc 
Concerrt r a t  ion  %Vol /Vol . 
- 504 514 
Bal. 
8.4 
ND -001 
001 1 
0.041 
1.19 
ND .002 
1.03 
B a l e  
8.5 
NO ,001 
0012 
0,052 
0.58 
ND .002 
1.01 
Notation: ND None Detected, less  than 
These r e s u l t s  i n d i c a t e  no major discrepancies i n  the  
atmosphere; however, these u n i t s  f a i l e d  repeatedly the  -65°C 
low temperature tes ts .  It i s  hypothesized t h a t  t h i s  mechanism 
i s  due t o  t h e  marginal vacuum outgassing t ime and temperature 
which can r e s u l t  i n  a h igher  than norm leve l  o f  res idual  water 
vapor. Unfortunately,  the water vapor, estimated t o  be grea ter  
than 1,000 ppm, i s  not detectable by mass spectrometer techniques. 
I t  i s  f e l t  t h a t  these two process r e l a t e d  mechanisms can- 
p l e t e l y  descr ibe the  low temperature f a i l u r e  modes. 
ment s performed du r i ng the  process eva 1 uat  i on  i ndic-ate t h a t  the 
threshold f o r  water vapor re la ted  contact  f a i l u r e s  i s  o f  the 
order o f  500-1,000 ppm i n  the  b a c k f i l l  gases. 
o f  co-g was never associated w i t h  re lays  t h a t  ex- 
h i b i t e d  low  temperature f a i l u r e s .  This  was found t o  be re la ted  
again t o  t h e  atmosphere. 
o f  t y p i c a l  contact  surfaces t h a t  have been subjected t o  100,000 
cyc les  of low l eve l  loads. There i s  no e l e c t r i c a l  erosion occur- 
r i n g  under these load condi t ions;  t h i s  i s  a mechanical phenomenon. 
The exper i -  
Cold Weldin .--The t e s t  data ind ica ted  tha t  the  incidence 
Figures 8 and 9 are  photomicrographs 
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8 I S O X ,  Typica l  Contact Wear Scar On Relay Operated 
I n  High Levels O f  Water Vapor (Greater Than 1,000 ppm) 
During Low Level Tests, 100,000 Operations. 
i s u r e  8 i s  
150X, Typica l  Wear S ia r  On Relay Operated I n  tIDryll 
Atmosphere (Less Than 100 ppm). 
Exposed. A f t e r  Low Level L i f e  es t  For ~00,000 
Operations. 
a contact  surface hat successful ly c m p l e t e d  the low 
S i l v e r  Substrate i s  
f e  w ~ t h o u t  f a i l u r e  but ind ica ted  low temperature contact 
ce f a i l u r e s ,  e i s  l i t t l e  ev dence of contact  wea 
no exposure o f  the s o f t  s i  Iver a l l o y  substrate ma te r ia l ,  
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i gure  9 i s  an examp e o f  a contact  surface tha t  f a !  
low l eve l  1 f e  t e s t s  due t o  co ld  welding o f  t he  normally open 
contacts h i s  r e l a y  successfu l ly  passed the  low temperature 
t e s t s p  i n d i c a t i n g  t h a t  the atmosphere was r e l a t i v e l y  I fdryf l .  I t  
was poss ib le  t o  catagor ize the  atmosphere by the  type o f  contact 
wear tha t  was observed a f t e r  the l i f e  tes ts .  I n  the  case o f  a 
Itdryif atmosphere, t he  contacts were always catagorized by ex- 
cessive wear through the  go ld  p l a t e  and exposure of the s i l v e r  
a l l o y  subst rate mater ia l .  Welding does not occur on the go ld  
p la te ,  but ra ther  on the  s i l v e r  a l l o y  due t o  i t s  lower hardness 
(greater  p l a s t i c  deformation) and higher p u r i t y  when compared 
t o  the e lect rodeposi ted go ld  p la te .  
Contrary t o  what many spec i f i ca t i ons  today ind icate,  i t  i s  
not poss ib le  t o  operate these types o f  re lays  i n  a *Idryti atmos- 
phere of less than 20 ppm (dew p o i n t  -65°C). Th is  can r e s u l t  
i n  a ca tas t roph ic  f a i l u r e  mode. 
These f a i l u r e  mechanisms are re la ted  t o  the intermediate 
and power load l i f e  t e s t s  s ince both of these contact loads arc  
and w i l l  erode and t r a n s f e r  the go ld  p la t i ng ,  thereby exposing 
the  s i l v e r  a l l o y  contact  mater ia l  which i s  prone t o  i lst ick. l f  
contamination ot  re lays  t h a t  were evaluated. I n  the case of  low  
l eve l  l i f e  un i ts ,  evidence o f  f r i c t i o n a l  polymer format ion was 
observed. The leve l  was such t h a t  there was no e f f e c t  on the  
contact  resistance, but ra ther  i t  acted as a " f r i e n d l y  polyrnerll 
s ince i t  i s  a good lubr ican t .  Figures 10 and 11 are photomicro- 
graphs of  t he  contact  surfaces a f t e r  100,000 operations. There 
i s  a t r a c e  i n d i c a t i o n  o f  polymer v i s i b l e .  Conduction i s  through 
the  exposed asper i t i es. 
This  l eve l  o f  organic contamination, estimated t o  be o f  the 
order o f  10-30 ppm, could come from an i n s u f f i c i e n t  vacuum out-  
gassing process as prev ious ly  described or i t  could be associated 
w i t h  the he rmet i c i t y  problems. The leve l  does not i nd i ca te  t h a t  
i t  i s  a ser ious problem, p a r t i c u l a r l y  when compared t o  exposed 
c o i l  contact  assemblies. 
Organic Contaminat ion.--There was some evidence o f  organic 
Discussion.--Due t o  the  large number o f  catast rophic  f a i l u r e s ,  
i t  was not poss ib le  t o  pursue i n  d e t a i l  the  e f f e c t  o f  p a r t i c u l a t e  
contamination on contact  performance because o f  the  masking e f f e c t s  
of these o ther  mechanisms. Excel lent  c o r r e l a t i o n  was obtained 
among the  atmosphere, contact wear, leakage, and contact per- 
formance as described above. I t  was demonstrated tha t  a t r a d i -  
t i o n a l  s i l v e r  based go ld  p la ted  contact  a l l o y  was not capable o f  
r e l i a b l y  operat ing under extremely lfdryli cond i t ions  wi thout  
welding. The i n t e r - r e l a t i o n  between some o f  the c r i t i c a l  vacuum 
outgassing parameters was establ  i shed and demonst rated. 
The r e s u l t s  confirmed the f a c t  t h a t  the Super J ' s  contact 
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formance was l i m i t e d  by contact  mater i  s and not p 
as a f i r s t  order e f f e c t ,  Leakage of t he  contact  module has been 
upgraded by improved weld ng and braz ing techniques and t h i s  i s  
not now a l i m i t i n g  f a c t o r .  
150X 
FIGURE 1 1  
300X 
Example o f  F r i c t i o n a l  Polymer Formation Showing 
Trace Amounts o f  Polymer A f t e r  100,000 Operation 
Low Level L i f e .  Contact Resistance Was Not 
‘A f fec ted  e 
CONTACT MA ALS 
I n  the l a s t  decade, though many advances have been made i n  
the  f i e l d  o f  re lays  f o r  the m i l i t a r y  market, there  i s  l i t t l e  
evidence o f  any subs tan t ia l  improvement i n  ma te r ia l s  f o r  e lec-  
t r l c a l  contacts.  t would appear t h a t  the make-break e l e c t r i c a l  
contact  f i e l d  ( i n  the  power range o f  I n t e r e s t )  has borrowed 
heav i l y  from the dental  and jewe l r y  f i e l d s  and covered up the  
i n h e r i t e d  d e f i c i e n c i e s  by p l a t i n g  o 
contact  but tons on t o  spr ing arms. 
c ladding and by fastening 
The t rend t o  m c r m i n i a t u r i z a t i o n  and u l t r a - c l e a n  systems 
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has made demands on spr ing propert ies,  res is tance t o  welding, 
and contact  res is tance s t a b i l i t y ,  which the present fami ly  o f  
ma te r ia l s  has not been able t o  f u l f i l l .  
Table X l i s t s  the  present standard contact  ma te r ia l s  used 
i n  the  r e l a y  indust ry  today, categorized by three o f  the most 
important c r i t e r i a :  
a) Spring Charac te r i s t i cs  - The a b i l i t y  t o  r e s i s t  creep o r  
re laxa t i on  a t  s t ress  l eve l s  of 40,000 p s i  and temperatures 
up t o  250*C. 
b) Switching Capab i l i t y  - The a b i l i t y  t o  switch power loads up 
t o  2 amps a t  28 V d c f o r  a minimum of  100,000 operations. 
c) Contact Resistance S t a b i l i t y  - The a b i l i t y  o f  mater ia l  t o  
r e s i s t  t i l m  format ion which cannot be punctured under the 
low fo rces  employed and which i s  s tab le  when switching low 
l eve l  signals. 
I t i s  r e a d i l y  seen t h a t  a l l  o f  the  ma te r ia l s  are d e f i c i e n t  
i n  a t  l eas t  one o f  the  c r i t e r i a  and must be e i t h e r  plated, clad, 
o r  fastened t o  a spr ing member. These add i t i ona l  processing 
steps imply the  necessi ty o f  r igorous c o n t r o l s  and even under 
the  most c a r e f u l  processing can be sources o f  contamination. 
I n  an e f f o r t  t o  overcome t h i s  problem area, the  contact 
ma te r ia l  development program's u l t i m a t e  ob jec t i ve  was a mono- 
l i t h i c  contact  mater ia l .  Th is  mono l i th ic  mater ia l  i s  a combined 
h igh  temperature spr ing and contact ma te r ia l  t ha t  requi res 
ne i the r  p l a t i n g  nor c ladding and i s  capable o f  switching s ignals  
i n  the  l o w  leve l ,  intermediate load, and power load regions, 
A1 loy Select ion  
Despi te the obvious advantages o f  go ld  and go ld - r i ch  a l l o y s  
i n  t h e i r  passive nature f o r  contact  res is tance s t a b i l i t y ,  a look 
a t  Table X shows them su f fe r ing  from the bas ic  i n a b i l i t y  t o  
swi tch cur ren t  i n  the  power load region. I t  would appear t h a t  
on ly  a fundamental study i n t o  the  theory o f  a rc ing  would bear 
f r u i t i o n  i n  understanding what type o f  go ld  a l l o y  system would 
switching. This  type of i nves t i ga t i on  was beyond the scope o f  
t h i s  study. 
metal a l l o y s  and poss ib le  combinations o f  these, Though the P t  
group metals are known t o  be suscept ib le t o  polymer format ion due 
t o  both f r i c t i o n  and a c t i v a t i o n  phenomena, i t  i s  f e l t  t ha t  use 
of sealed switching modules will e i t h e r  e l im ina te  e n t i r e l y  o r  
minimize the  organic c ~ ~ t ~ m ~ ~ a ~ ~ ~  necessary f o r  the polymer 60 
form. 
be r e s i s t a n t  t o  erosion and metal t r a n s f e r  under power load 
There remains the  s i l v e r  based and P t  f am i l y  based precious 
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Though many b inary  and ternary a l l o y s  o f  Ag and the P t  
group can be hardened by co ld  working t o  f a i r l y  h igh y i e l d  
s t rength values, i t  ! s  common knowledge tha t  strengthening by 
v i  r t u e  of  a dispersed phase Is f a r  more res i s tan t  t o  creep and 
h i s  was shown by Barker l axa t i on  a t  elevated temperatures. 
ef ,  12) f o r  precious metal a l loys .  
One add i t i ona l  undesirable t r a i t  t ha t  genera l ly  occurs w i t h  
use o f  s o l i d  so lu t i on  strengthening add i t i ves  i s  t ha t  o f  a rap id  
decrease i n  conduct iv i t y .  l i n d e  (Ref. 13) reported tha t  even 
minor add i t i ons  o f  2-3 atom % o f  some elements could r e s u l t  i n  
a 3-4 f o l d  increase. 
Dispersion strengthening can be accmpl ished i n  several 
ways: e.9. powder meta l lurgy techniques, i n te rna l  ox idat ion,  
p r e c i p i t a t i o n  hardening, etc. he f i r s t  two are q u i t e  c m o n  
techniques employed i n  the manufacture of e l e c t r i c a l  contacts 
today. The powder metal l u r g i c a l  process presents i n t e r e s t i n g  
p o s s i b i l i t i e s  f o r  studying systems tha t  cannot be made by any 
o ther  means. I n te rna l  ox ida t i on  has been used extens ive ly  f o r  
strengthening o f  s i l v e r  and aluminum f o r  sane time. I t  has 
been explored t o  some degree by Vines (Ref. 14) f o r  e l e c t r i c a l  
contact  app l i ca t ions .  Both o f  these techniques, due t o  the  
k i n e t i c s  and specia l ized f a c i l i t y ,  were beyond the scope o f  t h i s  
study . 
Age Hardenable Al loys.--Dispersion hardening by p r e c i p i t a -  
t i o n  of  a second phase through heat treatment i s  a c m o n  tech- 
nique used i n  metal f ab r i ca t i on ,  Many t o o l  s tee l s  and spr ing 
ma te r ia l s  a re  hardened i n  t h i s  manner. An examination o f  the  
e q u i l i b r i u m  phase diagrams (Ref. 15) o f  the b inary a l l o y s  o f  
s i l v e r  and o f  the  P t  group metals reveal the fo l l ow ing  systems 
t o  have terminal  s o l i d  so lu t ions  which could permit p r e c i p i t a -  
t i o n  hardening: 
Ag - A 1  
Ag - CU Ag - Be 
A9 - M9 
Ag - Mn 
Ag - P t  
Pd - Be 
Pd - A 1  
I shida and co-workers Ref. 16) explored the  use of  A 1  
t o  temper Ag and found hard ess readings i n  excess of 350 
Vickers could be obtained, l ikewise,  Darken (Ref. 17) showed 
t h a t  y i e l d  strengths i n  excess o f  60,000 ps i  could be obtained 
w i t h  Ag conta in ing  0.5% A1 t h a t  was oxidized. The Ag-Be 
appeared promising i n  i t s  s i m  l a r l t y  t o  the  Be-Cu and Be- 
systems which are wel t  known spr ing mater ia  s. The’use of Ag-Cu 
i s  w e l l  known i n  the  c n tac t  f i e l d ,  p a r t l c u  ar’ ly f o r  i t s  h igh 
conduc t i v i t y .  The 89- g phase diagram bear a basic § i m ~ ~ a r ; t ~  
t o  the Ag-A1 phase diagram w i t h  the  add 
order-d isorder  transformation i n  the  so 
system f o r  e l e c t  ;call contac 
Russians, and a patent (Ref. 18) was issued i n  1964. Ag-Pt has 
obvious advantages i n  t h a t  one would not expect ox ida t i on  prob- 
lems and might act  as Pd i n  reducing the tendency o f  Ag t o  
ta rn ish ,  Both the Pd-Be and Pd-A1 systems showed terminal  s o l i d  
s o l u b i l i t y  (Be t o  a very l i m i t e d  extent )  and were o f  i n te res t .  
The Si lver-Pd system appeared t o  be a good s t a r t i n g  po in t  
f o r  a te rnary  system. 
b i l i t y .  Addi t ions of up t o  about 30% Pd i n  s i l v e r  w i l l  no t i ce-  
ab ly  increase physical  proper t ies,  t a r n i s h  resistance, and 
res is tance t o  metal t r a n s f e r  w h i l e  s t i l l  r e t a i n i n g  acceptable 
e l e c t r i c a l  conduct iv i t y .  Addi t ions o f  Cu t o  the Ag-Pd system 
have been the  bas is  f o r  a ser ies o f  h igh  s t rength brazing a l -  
loys. (Ref. 19) The system a l so  becomes hardenable by v i r t u e  
of order-disorder transformation and p r e c i p i t a t i o n  o f  copper 
and s i l v e r  r i c h  phases. These are accomplished w i t h  very l i t t l e  
s a c r i f i c e  i n  e l e c t r i c a l  conduct iv i t y .  Addi t ion of Mn t o  the Ag- 
Pd system has a l s o  resu l ted  i n  h igh  temperature brazing a l loys .  
(Ref. 19) Whereas Mn shows a h igh degree o f  s o l u b i l i t y  i n  both 
Ag and Pd, t h i s  i s  markedly reduced i n  the ternary system and 
p r e c i p i t a t i o n  hardening could be accomplished w i t h  minor addi- 
t i o n .  The same i s  t r u e  w i t h  a d d i t i o n  o f  A1  t o  the Ag-Pd system 
where minor a d d i t i o n  should accanplish p r e c i p i t a t i o n  hardening. 
(Ref. 19) While Be i s  on ly  spar ing ly  so lub le i n  both Ag and Pd, 
Feduska (Ref. 20) has shown t h a t  minor add i t ions  of Be (up t o  
1.15%) i n  a Ni-Pd s o l i d  so lu t i on  increases the hardness markedly. 
The same e f f e c t  may be obtained w i t h  the Ag-Pd s o l i d  so lu t i on  
a1 loy. 
The system shows complete s o l i d  solu- 
S i l v e r  was chosen as the base metal f o r  the  experimental 
contact a l l oys ,  and la rge  pal ladium and p la t inum add i t ions  were 
made fo r  t a r n i s h  res is tance and s o l i d  so lu t i on  strengthening. 
The 1 i t e r a t u r e  was reviewed t o  se lec t  terntary element add i t ions  
which possessed l i m i t e d  s o l u b i l i t y  i n  s i l v e r  a t  l o w  temperature 
w i t h  a more extensive s o l u b i l i t y  a t  elevated temperature. This  
i s  a bas ic  c h a r a c t e r i s t i c  o f  age hardening a l l o y  systems. The 
number o f  such s i l v e r  a l l o y  binary systems published i n  the  
l i t e r a t u r e  is very l i m i t e d  and only  one o r  two ternary isotherms 
could be found, inc lud ing  those which suggested hardening pos- 
s i b i l i t i e s  based on i so la ted  mechanical p roper t ies  tes ts .  (Ref. 
15, 20-24). F i ve  such ternary add i t ions  were selected. These, 
i n  combination w i t h  pal ladium and p la t inum binary combinations w i t h  
s i l v e r ,  gave ten master ternary a l l oys .  A f i n a l  s i l ver -p la t inum-  
pal  ladium te rnary  was a l s o  selected. Approximate ternary isotherms 
were constructed where poss ib le  and three compositional v a r i a t i o n s  
o f  each te rnary  a d d i t i o n  were made i n  hopes o f  s t radd l i ng  the s o l i d  
so lut ion- two phase boundary a t  the so lu t i on  annealing temperature. 
For s i l v e r  base a l loys ,  t h i s  i s  i n  the range o f  800-900°C. An 
example o f  one o f  the  const ruct ions i s  shown i n  F igure 12. The 
te rnary  isotherm shown i n  the cons t ruc t ion  i s  a composite of 
the  phase boundaries expected a t  400°C and 780°C. 
t h a t  were selected using t h i s  procedure are l i s t e d  i n  Table* X I .  
The 33 a l l o y s  

A1 loy Base M i  nor Add1 t i on  
No, Weight % Weight % 
1 4  
B 
C 
2 A  
% 
C 
3 A  
B 
C 
4 A  
B 
C 
s a  
B 
C 
6 A  
B 
C 
7 A  
0 
C 
8 A  
B 
C 
9 A  
B 
c 
10 A 
B 
C 
1 1  A 
B 
C 
Ag - 17 Pd 
I t  
II 
Ag - 30 Pd 
3 i  
4 1  
Ag - .20 Pd 
11 
I1 
Ag - I t  20 Pd 
I 1  
Ag - I I  20 Pd 
11 
Ag - 15 P t  
II 
I I  
Ag - 15 P t  
I f  
I1 
Ag - 15 P t  
I 1  
II 
Ag - 15 P t  
I I  
11 
Ag - 10 Pd - 30 P t  
Ag - .  10 Pd - 22 P t  
As - 20 Pd --25 P t  
8.0 cu 
5.0 cu 
9.0 cu 
3.0 Mn 
3.0 ?4n 
1.Q pln 
5.5 A1 
4.0 A1 
8.4 ;AI 
8 . 0  Mg 
4.0 Mg 
1.0 pllg 
0.3 Be 
0.1 Be 
0.05 B e  
7.5 cu 
5.0 Cu 
' 2 . 0  cu 
5.0 Mn 
2.0 Mn 
0.5 Mn 
5.5 A 1  
4.0 A 1  
2 . 0 .  A1 
7.0 Mg 
3.0 Mg 
1.0 Mg 
0.3 B e  
0.1 B e  
0.05 Be 
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e l t i n g  and Fabr ica t ion  
Six vendors we e asked t o  quote on the me l t i ng  and f a b r i -  
cati ion of t he  33 a l loys ,  They were asked f o r  a minimum 2 t r o y  
ounce ingot  of each composition, 1.75 ounces o f  which would be 
r o l l e d  i n t o  0.014 inch t h i c k  x 0.0825 inch wide s t r i p  and the 
remainder drawn o r  swaged i n t o  0.015 inch diameter wire.  I t  was 
f e l t  t h a t  t h i s  would r e s u l t  i n  approximately 18-20 f e e t  o f  w i r e  
and s t r i p .  
The vendors were asked t o  ho ld t o  the  design canposi t ions 
w i t h i n  t i g h t  l i m i t s  and t o  l i m i t  the t o t a l  impur i ty  content t o  
0.1% o r  less. The necessi ty o f  good homogeneity i n  an age 
hardening a l l o y  and the  fac t  t h a t  the  cast  s t ruc tu re  would have 
t o  be broken down w i t h  working-annealing cyc les were stressed. 
Only two vendors responded, one w i t h  a very h igh f i x e d  fee  
and the other,  Ma te r ia l s  Research Corporation, Orangeburg, N.Y, ,  
of fered a best e f f o r t  type arrangement. Th is  l a t t e r  o f f e r  was 
selected as the  most feasible,  and the work was d iv ided i n t o  two 
phases. I n  the  f i r s t  phase, MRC melted, using vacuum induct ion 
and/or gas covered arc  me l t i ng  techniques, 1 1  master a l l o y s  o f  
each te rnary  system. The compositions were checked, and an 
i n i t i a l  f a b r i c a b i l i t y  check was made. E r ro rs  i n  the composition 
or segregation were adjusted by remelt ing. Once sound ingots  
were. obtained, 30-50% swaging reduct ions were performed. Those 
a l l o y s  which could be successful ly worked were then selected f o r  
add i t i ona l  work i n  phase two. The ingots  were d iv ided i n  t h i r d s  
w i t h  t w o  p a r t s  being f u r t h e r  d i l u t e d  w i t h  the  s i l v e r  b inary  
a d d i t i o n  t o  form the  remaining compositions of each ternary 
a l l o y ,  A l l  the mel ts  were then reduced t o  the  f i n a l  s t r i p  and 
w i r e  dimensions u t i l i z i n g  intermediate anneals where necessary. 
F i n a l  chemical analyses were a l so  performed on those a l l o y s  
which were selected for  complete tes t i ng .  
Most of the  ingots  required remel t ing by MRC t o  improve 
u n i f o r m i t y  and homogeneity. I n  general, the f i n a l  me l t  consisted 
of a 20 minute induc t ion  mel t  folTowed by a coo l ing  down o f  about 
10 minutes to 300°C i n  vacuum o r  a p a r t i a l  atmosphere o f  argon. 
The aluminum and magnesium conta in ing a l l o y s  resu l ted  i n  e i t h e r  
unsound ingots  o r  were not poss ib le  t o  fabr ica te .  The remaining 
a l l o y s  exh ib i t ed  vary ing  degrees of f a b r i c a b i t i t y  and were con- 
t i nued  i n to  phase two. During processing of  t h i s  phase, several 
more ingots  were dropped because o f  cracking and o ther  ind ica-  
t i o n s  o f  poor f a b r i c a b i l i t y .  The remaining a l loys ,  the  f a b r i -  
c a t i o n  resu l t s ,  and chemical analyses, where determined, are 
l i s t e d  i n  Table X l l .  Disso lu t i on  o f  many o f  the  a l l o y s  f o r  wet 
chemical ana lys is  proved somewhat d i f f i c u l t .  I'n p a r t i c u l a r ,  
t h e  a l l o y s  conta in ing  approximately 15% plat inum res i s ted  the 
a t tack  of a l l  the normal reagents. 
The s t r i p  was produced by drawing the swaged ingot  down t o  
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ON RESULTS 
reduced w i thout  d i f f i c u l t y  E: 5
8.1 
wl 
7.3 
l a  1 A  
cu 
l B , l C  b o t m  2/3of 1A D i  l u ted  t o  form same as 1 A  
2 A  Ag 67.8 70.3 cracked whi l e  swaging 
Pd 29.2 30.9 
Mn 5.6 3.1 
2B bottom t h i  r d  o f  2A used reduced with repeal& anneals 
2c no d i f f i c u l t y  
S A  Ag 90.2 69.7 cracked i n  f a b r i c a t i o n  
Pd 9.6 
Be 0.17 0.46 annealing 
29.8 desp i te  remel t ing and 
5B,5C obtained bydi lut ions o f  5 A  reduced with repeated anneals 
85.5 45.4 remelted twice; middle 
51.2 o f  ingot  reduced a f t e r  
6A Ag 
Pd 6.3 
cu 7.2 3.3 annea 1 i ng 
6B,6C renainckroFGA di luted to  form reduced with intamdate annea 1 
7 A  Ag 81.4 80.9 remelted; d i d  not 
13.4 f a b r i c a t e  P t  13.3 
Mn 5.2 5.6 
78 obtained by d i l u t i o n  o f  7 A  d i d  not f a b r i c a t e  
7c new me l t s  reduced after init ial anneal 
1 OA Ag go. 1 65.8 middle o f  ingo t  reduced 
a f t e r  i n i t i a l  anneal P t  9.6 33.9 
Be 0.28 0.22 
10BJOC new me l t s  reduced a f t e r  in i t ia l  anneal 
66.9 62.3 middle o f  ingo t  reduced 
30.0 a f t e r  i n i t i a l  anneal 
11A Ag 
P t  23.8 
Pd 9.2 7.7 
1 I B  Pd added t o  remainder of  1 1 A  reduced w i t h  repeated 
annea 1 s 
11c a d d i t i b n s  made t o  11B cracked desp i te  anneals 
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nches !in d i  e t e r  and then ro  
e of the st p had a consider 
o rough edges and, On some instances, 
l oca l i zed  peel ing form segregation i n  t h e  ingot.  
I t  i s  f e l t  t h a t  b e t t e r  f a b r i c a t i o n  techniques could have 
been u t i l i z e d ,  and s t r i c t e r  a t t e n t i o n  to annealing cyc les  might 
have resu l ted  i n  more successful4y f a b r i c a t e d  a1 loys. 
flechani-a1 and Physical- Propert-les 
Sjxteen of the  o r i g i n a l  thCcty-three at lays were workable 
i n t o  s t r i p  and wire, 
t i e s  a f t e r  var ious heat treatments. As ind ica ted  e a r l i e r ,  age 
hardening a l l o y s  must f S r s t  be given a s o l u t i o n  anneal fo l lowed 
by a rap id  coo l ing  down t o  room temperature. The optimum solu- 
t i o n  anneal i s  t h a t  temperature a t  which t h e  maximum concentra- 
t i o n  of the  a l l o y i n g  elements can be dissolved i n  s o l i d  so lut ion,  
It can be seen from the  appropr ia te b inary phase diagrams o f  
s i l v e r  base a l l o y s  t h a t  t h i s  temperature l i e s  i n  the range o f  
750-950°C. A t  these temperatures, d i f f u s i o n  ra tes  i n  s ing le  
phases are r a p i d  enough so t ha t  two hours are more than su f -  
f i c i e n t  t o  achieve hanogeneity. The r a p i d  coo l i ng  normally i s  
achieved by quenching i n t o  co ld  water. Since heat ing t o  these 
temperatures and quenching i n t o  co ld  water would severe-ly oxi-  
d i z e  the  sample, a system was devised t o  conduct t h i s  heat t r e a t -  
ment c y d e  i n  a p r o t e c t i v e  atmosphere. 
capable o f  10-5 torr was constructed. 
nealed were degreased and e l e c t r o l y t i c a l l y  cleaned and then 
placed i n  a quar tz  tube sealed a t  one end and w i t h  a cons t r i c -  
t i o n  on the o ther  end. These quartz tubes were then placed on 
t h e  mani fo ld  and evacuated as shown i n  Figures 13 and 14. A 
p a r t i a l  atmosphere of pure hel ium was introduced i n t o  the  system 
f o r  b e t t e r  heat t r a n s f e r  and then the  capsules were sealed a t  
t h e  c o n s t r i c t i o n s  w i t h  an oxy-acetylene torch. The encapsulated 
samples could then be sa fe l y  annealed, quenched and subsequently 
aged. 
These a l l o y s  were- tested f o r  t h e i r  proper- 
A man i fo ld  connected t o  an oil d i f f u s i o n  pump system 
The samples t o  be an- 
The aging temperature should genera l ly  be as low  as pos- 
s i b l e  due t o  the  K i n e t i c s  o f  the  second phase p r e c i p i t a t i o n .  
However, i t  must be s i g n i f i c a n t l y  higher than subsequent serv ice 
temperatures t o  avoid the  p o s s i b i l i t y  o f  over aging. I t  was 
decided t o  study the aging K i n e t i c s  i n  the  ran e o f  350-4OO0C, 
The f i r s t  round of heat treatments were run w i t h  s o l u t i o n  
The aging t ime was va r ied  over 0.5, 1, 2, and 8 hours. 
anneals f rom 78Oo-950"C w i t h  the t ime vary ing inverse ly  w i t h  the 
temperature from one t o  two hours. The 950°C anneal was used on 
the  Ag-Pd-Pt a l l o y  s ince i t  was f e l t  t h a t  the d i f f u s i o n  K ine t i cs  
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FlGURE 13 
Quartz Heat Treat ing Tubes 
For Contact S t r i p  A 1  loys 
FIGURE 14 
Quar tz  Tube Vacuum & Backf i 1 1  
System Used t o  B a c k f i l l  
I n e r t  Atmosphere I n t o  Tubes 
i n  t h i s  system were the  slowest and there was no p o s s i b i l i t y  o f  
a reduced me l t i ng  po in t .  
A 1 1  t he  i n i t i a l  aging treatments were run a t  400°C from 
0.5 t o  2 hours. The response t o  these heat treatments was fol- 
lowed by t e s t i n g  3.5 inch long s t r i p  samples on an l ns t ron  t e n s i l e  
tes te r .  The flow stress,  t e n s i l e  stress,  and e longat ion i n  one 
inch were determined. The data f o r  aged mater ia l  a f t e r  the 
optimum i n i t i a l  aging treatment a re  given i n  Table X i f l .  
he a l l o y  10 ser ies  (Ag-Pt-Be) samples b l i s t e r e d  dur ing the 
heat t r e a t i n g  and, t o  a lesser extent,  a l l o y  1 1 A  (Ag-Pt-Pd) a l so  
appeared t o  peel upon examination a f t e r  heat treatment. Metal- 
lographic examination revealed the  presence of  r o l  l ed - in  impuri- 
regated i n  l oca l i zed  po r t i ons  of  the s t r i p .  There as evidence 
bably organic l u b r i c a t i n g  mater ia l ,  i n  the  a l l o y  10 
t l ~ y  11A, on the other  hand, appeared t o  be gross ly  seg- 
segregation inanumber o f  the a l loys ,  Whi e i t  is pos- 
a t  sane o f  t h i s  segregation may have been t e p r e c i p i t a -  
add i t i ona l  phases, the  m rphology was such tha t  one could 
be reasonably c e r t a i n  i ing the  cons t i tuent  as impur i t i es  
or macro-segregation, r e  shown i n  Figures 15 and 16. 
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FIGURE 15 
300X,Al loy  lOA(Ag-Pt-Be), 
xample o f  impur i t i es  o r  
Macro-Segregat ion  
FIGURE 16 
300X, A1 10y 1 lA(Ag-Pt-Pd), 
Example o f  I n te rna l  Crack- 
ing and Probable Cause o f  
B l i s t e r i n g  Resul t ing From 
Contamination. 
Alloys l C ,  5B, 5C, 6C, 7C,  I O A ,  lOB, ?OC and 1 1 A  d i d  not 
respond mechanical ly t o  the var ious aging treatments a f t e r  the 
i n i t i a l  s o l u t i o n  anneal and were dropped from f u r t h e r  development. 
However, sane other  physical  p roper t i es  were determined on a few 
of these a l l oys .  
Based on the t e n s i l e  s t rength data and microst ructures,  a 
second round o f  samples of the  remaining a l l o y s  was so lu t i on  
annealed a t  800,900, o r  950°C and subsequently aged a t  350-400"C 
f o r  t imes up t o  4 hours. Wire samples were a l so  included f o r  
e l e c t r i c a l  r e s i s t i v i t y  measurements. I n  add i t i on  t o  t e n s i l e  
t e s t i n g  s t r a i g h t  s t r i p ,  round notch t e n s i l e  specimens were a l s o  
tes ted  t o  determine the  e f f e c t  o f  any (sharp) notch s e n s i t i v i t y .  
Pieces of s t r i p  o f  these remaining a l l o y s  were a l s o  checked f o r  
m i  crohardness, he t e n s i l e  and hardness data ob ained a f t e r  the 
f i n a l  optimized eat treatment a re  l i s t e d  6n e X I V ,  The 
e l e c t r i c a l  r e s i s t a i v i t y  data are given i n  
were selected f o r  f u r t h e r  work i n  subsequent phases o f  the pro- 
Based on data given i n  these tables,  a l l o y s  ] A ,  and 28 
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TABLE XV 
ELECTRICAL R E S I S T I V I T Y  DATA 
R e s i s t i v i t y  (micro-ohm centimeter) 
Solut ion Annealed Ased 
1A 10.4 9.4 
1B 13.0 11.6 
2B 18.3 17.3 
2c 18.1 18.6 
6 A  9.8 
6c 13.8 13.2 
11B 45.1 46.0 
I-.. 
gram. While a l l o y  28 d i d  not meet the c r i t e r i o n  o f  100,000 ps i  
t e n s i l e  s t rength  minimum, i t  d i d  show a considerable response t o  
the .ag ing  treatment. While beyond the scope o f  t h i s  program, 
a d d i t i o n a l  thermmechanical treatments o f  these a l l o y s  may con- 
s iderably  increase t h e i r  strength. For example, c o l d  working 
the  annealed and quenched s t r i p  w h i l e  forming i t  t o  a f i n a l  p a r t  
dimension and then aging the  worked p a r t  would be expected t o  
r e s u l t  i n  enhanced strength. 
The moduli o f  e l a s t i c i t  of  a l l o y s  A, 1B and 29 w r e  a l s o  
determined and are 11.2 x 108, 11.3 x 10 b and 13.3 x 10 % ps i ,  
respect ive ly .  
minat ions. 
Each o f  these data i s  t h e  average o f  s i x  deter-  
Typ ica l  m ic ros t ruc tures  of these three a l l o y s  are sham 
i n  Figures 17, 18 and 19, respect ive ly .  It should be noted 
t h a t  the  coherent p r e c i p i t a t e  p a r t i c l e s  responsible for  age 
hardening are not v i s i b l e  a t  l i g h t  microscope magnif icat ions.  
The most sat i s fac to ry  etchant found f o r  these a1 joys i s  a 50- 
50 s o l u t i o n  o f  potassium cyanide and amnonium persulphate. 
Stress Relaxat ion Tests 
Relaxat ion t e s t s  were performed a t  200 and 250°C f o r  t imes 
up t o  s i x  hours, w i t h  preset stresses of 20,000 and 40,000 ps i .  
A l loys  1 A  and 1B (AgPdCu), 26 and 2C (AfPdMn), and l l B  (AgPdPt) 
were i n i t i a l l y  tested. Due t o  t h e i r  l o w  y i e l d  s t rength a t  room 
temperature, a l l o y s  2C and 11B were dropped from the  f i n a l  ser ies 
of tes ts .  
of n m i n a l  0.015-inch thickness, 0.085-inch w id th  and e f f e c t i v e  
spr ing lengths o f  0.500 inch. Force was appl ied by a set screw 
a t  the prop l oca t i on  so as t o  produce the  required s t ress levels.  
?he e n t l r e  e igh t  s ta t i on ,  expansion matched, s ta in less  s tee l  
an Instron r ,  Changes i n  the preset f o r c e  were used 
Specimens were mounted as a propped c a n t i  lever  spr ing 
fkxterrs w,3s aced i n  an emperature Chamber mounted on 
4 1 
(Ag-Pd-Cu), Microstructure Af te  
(800"C, 2-hoursp Quench 
F I GURE 18 --3OOX FIGURE 19 llOOX 
Alloy 1B ( A  -Pd-Cu), Microstructure A f t e r  Opt imum Heat 
Treatment ( 8 OOOC, 2-hours, Quenched Plus 350°C f o r  1-hour) 
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as an i n d i c a t i o n  o f  re laxat ion,  A reg ession equation was devel- 
oped f o r  the  data I n  the form: 
%b = 1 )  
where %L = percentage change i n  load 
A = in te rcept  constant 
B = slope constant 
t = time, minutes a t  temperature 
Data were obtained from 2-4 samples per run. Table X V I  i s  a 
summary o f  the experimental constants f o r  a l l o y s  l A ,  lB,  and 29, 
the  strongest a l loys .  The % L(tRT . t T T )  i s  an e x t r i n s i c  f a c t o r  
r e s u l t i n g  from adjustments i n  the  stress- as the specimen and 
f i x t u r e  warmed up. 
The constant A invo lves f a c t o r s  such as thermal adjustments 
o f  the f i x t u r e  i n  reaching equ i l i b r i um and short  time, h igh r a t e  
re laxa t i on  occur r ing  i n  the  specimen w h i l e  reaching t e s t  tempera- 
ture. The constant B represents a steady s t a t e  r a t e  and the 
s l i g h t l y  higher values obtained a t  the lower s t ress l eve l s  i n d i -  
cate t h a t  the i n i t i a l  rap id  re laxa t i on  stage was la rge r  a t  the 
40,000 p s i  s t ress leve l .  Th is  conclusion i s  borne out by most o f  
the A values. 
I n  evaluat ing the  data, the  s i g n i f i c a n t  parameters were 
found t o  be the slope parameter B and the  f a c t  t ha t  a maximum o f  
4-5% permanent loss o f  load was obtained f o r  these a l l o y s  upon 
re tu rn ing  t o  room temperature. These t e s t s  i nd i ca te  t h a t  the 
1 A  and 19 (AgPdCu) a l l o y s  are h i g h l y  r e s i s t a n t  t o  s t ress  relaxa- 
t i o n  a t  temperatures up t o  25OoC and tha t  the  long term steady 
s t a t e  creep r a t e  i s  a l s o  q u i t e  low. 
Contact Resistance Tests 
The most p r a n i s i n  a l l o y s  fran the  standpoint o f  s t rength 
were the  AgPdCu group 9 1A and 1B). I n  order t o  determine t h e i r  
contact  res is tance and t o  develop optimized precleaning proced- 
ures, an ASTM type microcontact t e s t e r  was u t i l i z e d .  The t e s t e r  
i s  described i n  ASTM B-326-67. The 0.015 inch diameter w i r e  
specimens were cleaned and placed i n  the t e s t e r  i n  "cross-rodl' 
geometry. Th is  con f igu ra t i on  e l im ina tes  the in f luence o f  the  bu lk  
res is tance and connecting w i r e  resistance. A Ke i th ley  model 503 
m i l l i ohm meter was used t o  ob ta in  the contact  res is tance measure- 
ments. F ine  gold w i r e  0.002 inches i n  diameter was used t o  a t tach  
the vo l tage probes t o  the outer  ex t rem i t i es  o f  the crossed contacts. 
Contact res is tance versus fo rce  data was obtained i n  the 
0.1 t o  3.0 gram range. The 1, 2; and'3 gram forces are considered 
as more s i g n i f i c a n t  s ince lower f o r c e  measurements are suscept ib le 
t o  v i b r a t i o n  and o ther  sources of  e r ro r .  I n  a l l  cases, a 24K gold 
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r e  was used as a comparison standard. Measurements a f t e r  f o u r  
f f e r e n t  c leaning techniques were made t o  ascer ta in  an optimum 
treatment t o  remove res idual  organ c surface contamina 
"tramp type" contaminants from the  contact  surfaces. 
is a summary of the  resu l t s .  
TABLE X V I  
STRESS RELAXA 
A1 loy  
1 A  200 20.0 
( AgPdCu) 40.0 
250 20.0 
40.0 
19 200 20.0 
( AgPdCu) 40.0 
250 20.0 
40.0 
200 20.0 
30.0 
250 20,o 
Exper imenta 1 
Constants 
A B % LbRT"tTl-1 
3.10 1.275 5.5 
0.43 1.225 4.7 
-3.10 2.580 5.2 
1.64 2,250 8.8 
- 1 . 1 1  1.385 3.7 
2.74 1.27 6.3 
-2.30 2.50 4.2 
1.83 2.22 8.6 
3.73 0.251 2,2 
5.35 0.612 6*7  
3.46 0.730 5.1 
C 1 ean i ng Procedure* 
1 .O 22** 255 29 21 26 20 98 34 
2.0 14 85 16 16 16 14 47 22 
3.0 1 1  7 1  14 15 12 13 34 19 
*C 1 ean i ng P rocedu r e  **Readings i n  m i l l i o h m s  
1. NH40H - H202 e tch  
2. A l ka l i ne  cleaner, KCN e tch  ( 4  minutes), H2SO4 d i p  
3 .  Same as 2 except u l t r a s o n i c a l l y  cleaned i n  Freon TF menthanol 
4. Same as 2 except !-minute KCN etch. 
a t  complet ion, 
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Comparison of the experimental measurement t o  the theo re t i ca l  
c o n s t r i c t i o n  resistance measurements was made using Holm's re la -  
t i onsh ip  shown i n  eq. 2. 
where K = geometry and u n i t  constant, 2.5( 10-5) 
p = r e s i s t i v i t y  (ohms-CMF) 
P - f o r c e  (gm) 
Rc=const r i c t ion  res is tance (ohms) 
H =Brine1 1 hardness 
R e l a t i v e l y  good agreement was obtained above 1 gram as shown 
i n  Table XVlll f o r  a l l o y s  1A and 1B a f t e r  t he  type 3 c leaning pro- 
cedure. 
appt ied t o  a l l  the a l l o y  1 A  and 1B formed contacts p r i o r  t o  assem- 
b l y  i n t o  relays.  
Based on these tests ,  the  type  3 cleaning procedure was 
TABLE X V t I  I 
COMPARI SON OF MEASURED AND CALCULATED CONTACT RES1 STANCE 
Contact Resistance (xlO-3 ohms) 
A l loy  1 A  A l loy  1B 
Force (gm) Measured Ca i cu 1 a t  ed Measured Ca 1 cu 1 a t  ed 
1 .o 
2.0 
3 . 0  
26 
16 
12 
19 20 
13.5 14 
1 1  13 
23 
16.5 
13.5 
Contact Fabr ica t ion  
Mono l i t h i c  Contacts.--Al loys 1A and l B ,  nominal composition 
Ag-17Pd-8Cu and Ag-17Pd-5Cu, respect ive ly ,  were selected f o r  ad- 
d i t i o n a l  contact performance t e s t s  i n  Super J relays.  Both the 
f i xed  and the movable contacts were made f rom the same mate r ia l  
t h a t  was used t o  determine the  mechanical and physical  propert ies.  
I n  order f o r  an accurate comparison t o  be made between the 
standard go ld  plated, s i l v e r  a l l oy ,  tape-type contact system and 
the mono l i t h i c  contact  system, i t  was necessary f o r  the mono- 
l i t h i c  type t o  have i d e n t i c a l  spr ing rates, contact forces and 
wipe. I t  was exper imental ly determined and v e r i f i e d  by ca lcu la-  
t i o n s  tha t  a 0,007-inch t h i c k  movable arm would be equivalent t o  
the  standard contact  system. The experimental l y  determined 
movable arm r a t e  was 0.80 g m h i l - i n c h .  F igure 20 i s  a comparison 
between the  mono l i th ic  design and the standard contact assembly. 
The f i x e d  contacts were formed from the 0.015 inch t h i c k  
ma te r ia l .  The s t r i p  was cu t  i n t o  4-6 inch lengths and so lu t i on  
45 
W E L D  PROJECTl 
7 PERM AN IC K€L (.004) 
PROJ ECTlON 
GOLD PLATED 
SILVER ALLOY 
NICKEL BACKEJ 
/- WELDED 
1 
.465 
.45 5 
-
.095 
,090 
Il--------.-c 
J 
TANDARO CONTACT ASS 'Y MONOLl TH IC CON TRCT 
2 0 
annealed i n  the  quartz tube furnace p r i o r  t o  forming the  90" 
bend, weld project i .ons,  and contact  surface r a d i i .  A f t e r  forming, 
the  f i x e d  contacts were cleaned and subjected t o  the  optimized 
heat treatment p r i o r  t o  assembly i n t o  headers. 
A p o r t i o n  of the  same 0.015 inch s t r i p  mater ia l  was reduced 
t o  nominal thickness o f  0.007 inches i n  a two h igh m i l l .  The 
reduced contact  s t r i p  was so lu t i on  annealed and formed i n t o  mono- 
1 i t h i c  contacts w i t h  weld p ro jec t i ons  and pre-form bend. 
cleaning, the  contacts were subjected t o  the optimized heat 
treatment. I n  the hardened condi t ion,  i t  was not poss ib le  t o  
form the  sharp 90" bends wi thout  crack ing the  mater ia l  and i n t r o -  
ducing excessive res idual  stresses. By using these procedures, 
a minimal res idual  stress, associated w i t h  ad jus t ing  the headers, 
was l e f t  i n  the  mater ia ls .  
A f te r  
P r i o r  t o  assembly i n t o  headers, the  contacts were given a 
type 3 cleaning (A lka l i ne  clean, KCN etch- four  minutes, H2SO4 
d i p  fo l lowed by u l t r a s o n i c  c leaning i n  Freon TF). No major 
problems were encountered i n  the  f a b r i c a t i o n  o f  these contacts. 
Rhodium Plated Contacts.--Based on the performance t e s t s  
tha t  were conducted on the standard gold p la ted  s i l v e r  a l l o y  
contacts and the associated co ld  welding tha t  occurred a f t e r  the  
s i l v e r  substrate had been exposed by wear through the gold p la te ,  
another group of re lays  using rhodium p la ted  f i xed  contacts was 
fabr ica ted  f o r  comparison. I t  was hypothesized tha t  a hard 
wearing surface over the  s o f t  s i l v e r  a l l o y  substrate would be 
s u f f i c i e n t  t o  minimize the wear through t o  the  s i l v e r  and hence 
i n h i b i t  t he  co ld  welding e f f e c t ,  Electrodeposited rhodium was 
selected due t o  i t s  h igh  hardness and excel lent  wear proper t ies.  
The spec i f i c  system tha t  was used on these experimental 
groups was SEL R E X ' S  Rhodex rhodium p late.  Th is  system is  a low 
stress,  crack- f ree rhodium e lect rodeposi t  w i t h  hardness o f  800- 
900 Knoop as opposed t o  175-225 Knoop f o r  the  gold p la te .  
Two groups of 500 f i x e d  contacts each were ba r re l  p la ted  t o  
the fo l low ing  spec i f i ca t ions :  100-200 micro-inches rhodium 
(Rhodex) over 10-20 micro- inch go ld  over 99A -1Pd substrate. 
One group was p la ted  as ind icated w h i l e  the  %her group received 
an add i t i ona l  20 micro- inch (max.) h igh  p u r i t y  go ld over p la te .  
This  add i t i ona l  go ld  over p l a t e  was f o r  purposes o f  l u b r i c i t y  
and improved contact  resistance s t a b i l i t y .  Measurements o f  
thickness, adhesion, and heat res is tance (22OOC) were performed 
t o  assure conformance t o  the  spec i f i ca t ion ,  
c i e s  were noted. 
No major discrepan- 
Manufacture o f  Test Relays 
Three groups o f  Super J re lays  were manufactured using the  
The manufacturing parameters were iden- experimental contacts. 
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tical in allgroups and comparable to those used during the 
phase ofthe program, he major manufacturing problem was s 
l a r  to those encountered in the first phase, namely, leakage of 
the contact module during the assembly op rations. In all cases, 
gross leakers in the order of 10-5 to 10-8 atm. cc/sec of Helium 
were removed from the test groups. This, in general, accounted 
for the majority of the rejects encountered during the manufactur- 
ing phases. 
There were no sealant materials used on the header assembly 
at any stage of manufacture; however, as a standard parctice, 
resin sealant was used on the core and coil feedthru area which 
acted as a moisture barrier between the coils and the feedthrus. 
The leakage, in general, was associated-with the braze operation 
and coil feedthru rather than the header assembly. It was noted 
that the final solder dip operation, which involved a fluxing and 
soldering of the header and terminal pins for corrosion protection 
and improved solderability, did, in some cases, reduce fine leaks 
associated with the header to a non-detectable level. This was 
probably due to the action of the flux acting as a sealant. Sub- 
sequent contact resistance measurements did not reveal any indica- 
tions that the flux was entering the contact chamber. 
No attempt was made to modify the vacuum outgassing cycle 
that was developed for the gold plated silver alloy contact re- 
lays since this would canpound the number of variables. The 
procedure used during the manufacture of a1 1 of the experimental 
contact material relays was the 17O+1O0C, 90-minute, 10'2 torr 
max., less than 20 ppm water vapor cycle. This cycle, as pre- 
viously discussed, was designed to yield a high, but acceptable 
residual water vapor level inside the contact module. 
Monolithic Contact Relays.--Two lots of Super J relays were 
manufactured using alloy 1A (Ag-17Pd-8Cu) for lot 24 and alloy 
16 (Ag-17Pd-5Cu) for lot 25. A total of 93 relays were manu- 
factured with an overall yield of 84% (78 test relays). The 
major loss was due to leakage as previously discussed. 
welding schedules had to be developed. It was not possible to 
produce an optimized weld schedule due to the limited number of 
the contacts available, 
welds without particular regard to weld flash or ultimate strength. 
It was felt that the contact material weldability could be a.major 
factor in mass production assembly using these alloys unless a 
closer resistivity match between the terminal pins and contact 
material could be obtained. There was no noticeable difference 
between the weldability of alloys 1 A  and 19. 
cleaning operations prior to vacuum outgassing. Contact resis- 
tance variations in excess of 5 milliohms were found on approximately 
As a result of a change in the contact material, new header 
The approach taken was to produce secure 
Erratic contact resistance was encountered during the final 
48 
nd contact resistances greater  than 30 m i l j i -  
ed  on over 40% of a l l  un i t s ,  h i s  e f fect  was 
independent o f  the number o f  times the u n i t s  were u l t r a s o n i c a l  ly 
cleaned. The contacts i n  these been preclleaned using 
the type 3 procedure l i s t e d  i n  1 .  Apparently, the con- 
t a c t  surfaces were tarn ished dur ing the manufacturing operations, 
Since t h i s  v a r i a t i o n  i n  the norm was encountered dur ing the ea r l y  
assembly stages o f  these two lo t s ,  a modif ied type 3 cleaning 
procedure was used on the remaining contacts. The remaining con- 
tac ts ,  approximately 70%, were ca thod ica l l y  cleaned and then given 
a long e tch  i n  a hydrogen peroxide so lu t i on  u n t i l  b r i gh t ,  rinsed, 
and s ix -s tep  cleaned i.n the  u l t r a s o n i c  Freon system. Great ly 
improved s t a b i l i t y  was obtained. The nature of t h i s  t a r n i s h  f i l m  
i s  unknown, but the contact  resistance v a r i a t i o n  disappeared a f t e r  
the subsequent vacuum outgassing process which suggests low s t a b i l -  
i t y  and, therefore,  should not be a problem i n  sealed relays. 
No major problems, o ther  than the two mentioned above were 
encountered dur ing the  manufacture o f  these two l o t s  o f  mono l i th ic  
contact  re lays.  The u n i t s  are considered as representat ive o f  
Super J re lays  manufactured a t  t h a t  t ime period. 
Rhodium Plat,ed Contact Relays.--Four l o t s ,  t o t a l i n g  93 t e s t  
relays, o t  the  rhodium p la ted  contacts were manufactured i n t o  
Super J relays.  The f o u r  l o t s ,  numbered 17, 19, 21 and 23, 
were d iv ided i n t o  groups of 10, 10, 8, and 3 ,  respect ive ly .  These 
small groups o f  re lays  were manufactured concurrent ly  w i t h  those 
used i n  the  Process and Contamination Phase o f  the study, thereby 
prov id ing  c o n t r o l l e d  comparison standards. Table X I X  summarizes 
the number o f  l o t s  and t h e i r  features.  
TABLE X I X  
Test 
Lot  Group Features 
17 10 30 Rh over Au p l a t e  f i x e d  contacts 
_I_ 
19 10 25 Au over Rh over Au p la ted  f i x e d  
contacts and modi f ied motor assy. 
(experimental braze a1 l oy )  
contacts 
21 8 17 Au over Rh over Au p l a t e  f i x e d  
23 3 21 sane as l o t  21 
These rhodium p la ted  f i x e d  contacts were mated agalnst the 
standard go ld  plated, s i  l v e r  a1 ioy substrate movable contact 
assemblies used i n  the  f i r s t  phase o f  the  study. The use o f  ba r re l  
49 
p la ted  f i x e d  contacts resu l ted  i n  a d i f f i c u l t  welding operat ion 
of the contacts t o  the header terminal  pins. The rhodium p l a t e  
has a very h igh  me l t i ng  point ,  approximately 2,0OO0C, and t h i s ,  
coupled w i t h  the inherent r e s i s t i v i t y  mismatch between the n icke l  
backing on the  f i xed  *contacts and.-the 52 a l l o y  terminal  pins, re-  
su l ted  i n  welds w i t h  excessive f l a s h  and minimal secur i ty .  This 
problem was not unexpected since i t  had been evaluated dur ing the 
i n i t i a l  phase o f  the  study. The purpose of  these experimental 
a l l o y s  was not t o  resolve these associated problems, but ra ther  
t o  demonstrate the f e a s i b i l i t y  o f  the new contact a l l o y s  i n  
so lv ing  c r i t i c a l  contact performance problems. I t  i s  f e l t  t ha t  
the  problems associated w i t h  weld f l a s h  and weld secur i ty  can be 
resolved a t  a l a t e r  date by the use o f  con t ro l l ed  rhodium deposi- 
t i o n  techniques. 
Contact resistance dur ing the f i n a l  c leaning operat ion was 
w i t h i n  the- norm, and no major problems were encountered dur ing 
assembly. There was no detectable d i f f e rence  between l o t  17 which 
had rhodium p l a t i n g  and l o t s  19, 21, and 23 which had gold over 
rhodium. The contact resistance s t a b i l i t y  was iden t i ca l  t o  the 
standard go ld  p la ted  contact system. 
Lot 19 consisted o f  a modi f ied motor assembly developed t o  
reduce the problem associated w i t h  a marginal gold-germanium 
brazing operation. These re lays u t i  1 ized a higher temperature, 
AgCuSn braze a l l o y  w i t h  greater  strength. The r e s u l t s  were 
promising from the standpoint o f  hermet ic i ty ;  however, the adjust -  
ment o f  the motor assembly became c r i t i c a l ,  and, as a resu l t ,  
t he  modules' operate vo l tage exceeded the spec i f i ca t ions .  
Th is  process v a r i a t i o n  d i d  not have an e f f e c t  d i r e c t l y  on the 
contact  performance, and there was no measurable d i f fe rence be- 
tween l o t  19 and the remaining l o t s  u t i l i z i n g  the rhodium p la ted  
contact  s . 
Contact Performance Test s 
The t e s t  program used t o  evaluate the contact  performance o f  
the  three groups o f  experimental contact  mater ia l  re lays was 
i d e n t i c a l  t o  tha t  used i n  the f i r s t  phase o f  the  study. Measure- 
ments o f  the e l e c t r i c a l  c h a r a c t e r i s t i c s  before and a f t e r  the l i f e  
t e s t s  were performed on automatic t e s t  equipment. The data was 
punched on I B M  cards f o r  subsequent computer processing. Measure- 
ments o f  hermetic leakage were made on a mass spectrometer leak 
detector  a f t e r  the l i f e  tes ts .  
Contact performance t e s t s  consisted o f  low leve l  l i f e  (300 
microamperes, 30 m i l l i v o l t s ,  10 ohm c r i t e r i o n ) ,  intermediate load 
l i f e  (100-mill iamperes, res i s t i ve ,  28 VDC, 100-milliohms c r i t e r i o n ) ,  
and power l i f e  t e s t s  (2-ampere, r e s i s t i v e ,  28 VDC, weld and 3-ohm 
c r i t e r i a ) .  A l l  t e s t s  were run f o r  100,000 operations o r  malfunct ion,  
whichever was less. I n  the m a j o r i t y  o f  cases, the  100-mi 1 liampere 
1 ife tests were performed using continuous onitoring recorder 
techniques which measured the contact resistance during each 
operation, The detailed procedures are outlined in the first 
section of this report. 
Monolithic Contact Relay Test Results.--A total of 78 
Super J relays were tested using the monolithic type contact 
system. Lot 24, alloy lA, consisted of 40 relays and lot 25, 
alloy 1B consisted of 38 relays. The relays were approximately 
equally divided among low level, intermediate, and power load 
life tests. 
The most significant electrical parameter measured on the 
automatic test equipment is the contact-resistance, of which 
there were eleven measurements made per contact on each relay 
using a 100 milliampere, 6 VDC contact load. The remaining 
parameters: coil resistance, operate-release voltage and time, 
and contact bounce are indicators of the overall relay adjust- 
ment and were used for lot uniformity comparisons. 
Of the 3.432 measurements of initial contact resistance, 
only one reading exceeded 30-milliohms; it was 38 milliohms. 
Both lots 24 and 25 had identical distributions with means of 
22-milliohms and a combined range of 17 to 28-milliohms. Con- 
tact resistance variation between readings on the same contact, 
an indication of contact resistance stability, was typically 
less than 2 milliohms. 
After the 100,000 operation life tests, there was a signi- 
ficant increase in the contact resistance distributions. Lot 
24 (Alloy 1A) became highly skewed to the right with ten of the 
forty relays exceeding the 30-mi 1 1  iohms criterion. These were 
all normally open contact failures ranging between 35 and 70 
milliohms. The remaining relays ranged between 18 and 28 milli- 
ohms with a mean of 23-milliohms. There was a loss of the initial 
contact resistance stability on both lots of relays. 
Table X X  summarizes the overall contact life test results on 
both lots of monolithic contact relays using the same criteria 
used on the standard gold plated silver alloy contact relays. 
The low level life test results, for the first 50,000 opera- 
tions at 125OC, showed two units missed (total of three misses). 
The initial contact resistance for lot 24 and 25 at 125°C ranged 
between 19 and 26 milliohms. After the 50,000 operations at 
125'C, the maximum contact resistance was 34-milliohms, and the 
balance of  the units ranged between 20 and 26 milliohms, exclud- 
ing the maximum value, The -65°C contact resistance measurements 
performed after the thermal shock from 125OC revealed two failures. 
One unit exhibited an open contact and the other showed a 39- 
milliohms contact resistance. 
51 
TABLE X X  
SUMMARY OF L I  SULTS ON MONOL! TM I c - -I__ 
Lot 24 Lot 25 
A l loy  1B 
LOW LEVEL LIFE TEST 
~ i s s  Fa i l u res  i n  105 operat ions 2/13 2/14 
Miss F a i l u r e s  a t  125°C 1 /2  1 /2  
M i s s  Fa i lu res  a t  -65°C 2 / 2  212 
CR 30-mil l iohms a t  125/25'C 1/13 0/14 
CR 30-mil l iohms a t  -65°C 8113 2/14 
I NTERMED I AT LOAD LIFE (100ma) 
CR ?00-mi?l iohms 
POWER LOAD LIFE (2-amperes) 
Catastrophic F a i l u r e  Mode 
Parametric Fa! l u r e  Mode 
2 /  1.3 1/10 
4/14 3/14 
0/14 2/14 
Notation: Fai lure/sample size; CR Contact Resistance 
The 50,000 operations a t  -65°C revealed two f a i l u r e s  from 
each l o t .  Two o f  these re lays had prev ious ly  missed a t  125"C, and 
one o f  t he  u n i t s  was associated w i t h  the  re lay  tha t  exh ib i ted  an 
open contact  dur ing the  thermal shock t e s t .  The post contact re-  
s istance measurements a t  -65°C ind icated a large increase i n  the 
contact  res is tance when compared t o  the  i n i t i a l  -65°C measure- 
ments. 
As ind icated i n  Table X X ,  l o t  24 had a s i g n i f i c a n t  number 
of -65°C f a i l u r e s  when compared t o  l o t  25. The maximum contact 
resistance on both l o t s  a t  room temperature a f t e r  the -65°C con- 
t a c t  resistance t e s t s  was 31-mill iohms. This  rad ica l  change i n  
contact  res is tance as a funct ion o f  temperature is  associated 
w i t h  the  "icing"phenomenon prev ious ly  discussed and is  an i n -  
d i c a t i o n  of  excessive water vapor ins ide  the modules. For s m e  
reason, l o t  24 exh ib i t ed  a higher percentage of f a i l u r e s  as- 
sociated w i t h  water vapor than l o t  25. I t  i s  s i g n i f i c a n t  t o  
note tha t  there  was no ind i ca t i on  o f  c o l d  welding on e i t h e r  o f  
these two a l loys .  
ducted a t  125°C f o r  100,000 operat ions using a continuous moni- 
t o r i n g  recorder. Only 8 out o f  the  23 re lays  tested d i d  not 
e x h i b i t  a s i g n i f i c a n t  change i n  resistance; however, on ly  th ree  
u n i t s  exceeded the  100-mill iohm c r i t e r i o n .  I n  general, the con- 
t a c t  res is tance would vary up t o  50-mill iohms f o r  some f r a c t i o n  
o f  the  100,000 operat ions and then re tu rn  t o  the norm (below 
The intermediate load (100-mill iampere) l i f e  t e s t s  were con- 
5 2  
30-mil l iohms). There was no i nd i ca t i on  o f  c o l d  welding o r  a 
s i g n i f i c a n t  t rend of contacts tha t  favored the  normally open 
o r  normally closed contact  pos i t i on .  
h igher incidence of contact  resistance v a r i a t i o n  than l o t  25. 
Lot 24 exh ib i ted  a s l i g h t l y  
The power l i f e  t e s t s  (2-ampere) r e s u l t s  were consistent be- 
tween both l o t s .  The major f a i l u r e  mode was welding o f  the  
normally open contacts. Table X X I  summarizes the f a i l u r e s  en- 
countered . 
TABLE X X I  
POWER LOAD (2-AMPERE) LIFE TEST FAILURE MODES 
F i r s t  To ta l  
Mode -Lot M i s s  Misses Fai  l u r e  -
70 5 1,500 25 excessive misses 
3 , 200 1 3,200 25 normally open 1 weld 
4,200 1 4,200 24 normal l y  open 5 weld 
40 , 000 1 40 , 000 24 normally open 1 weld 
41,300 1 41,300 24 bridged contact 2 
54,200 1 - - -  25 one miss i n  100,000 oper. 
74,400 1 74,400 24 norma1 l y  open 1 weld 
79,700 1 79,700 25 bridged contact  2 
80,700 1 80 , 700 25 normal l y  open 1 weld 
As ind icated i n  t h e  table,  th ree  o f  the  f a i l u r e s  were o f  the 
in fant  type, three occurred a t  the  mid-point  i n  l i f e ,  and the re- 
maining th ree  were towards the end o f  l i f e .  The f a c t  t ha t  19 out 
of the 28 re lays tes ted  went through the  l i f e  t e s t  wi thout  a miss 
i s  an i n d i c a t i o n  o f  the  f e a s i b i l i t y  o f  these a l loys .  These f a i l -  
ures were o f  a temporary nature, and the f i n a l  e l e c t r i c a l  char- 
a c t e r i s t i c s  a f t e r  l i f e  d i d  not c o r r e l a t e  t o  the  above f a i l u r e s .  
However, some o f  the  u n i t s  exh ib i t ed  h igh contact  resistance 
a f t e r  l i f e  but d i d  not exceed the  100-mill iohm l i m i t s .  
Rhodium Plated Contact Relay Test Results.--A t o t a l  o f  90 
Super 4 re lays  using rhodium p la ted  f i x e d  contacts were tested 
i n  t h i s  phase o f  the study. These re lays were manufactured and 
tested i n  fou r  l o t s  t o t a l i n g  31 groups. Since the use of  rhodium 
p l a t i n g  was proposed as a poss ib le  so lu t i on  t o  the co ld  welding 
roblems encountered dur ing low l eve l  l i f e  tes t ing ,  a t o t a l  o f  
&4 u n i t s  were subjected t o  the low l eve l  l i f e  tests ,  and the re-  
maining u n i t s  were equal ly  d iv ided between the  intermediate and 
power load l i f e  tes ts .  The re lays were randomly selected from 
each group and were manufactured over a t ime per iod covering 
over f o u r  months. 
The i n i t i a l  contact  resistance measurements as w e l l  as 
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those obtained a f t e r  l i f e  t e s t i n g  ind ica ted  an unusual degree 
of u n i f o r m i t y  and s t a b i l i t y .  O f  t he  7,920 measurements, on ly  
two u n i t s  exceeded 30 mi l l iohms, These u n i t s  had resistances 
o f  42 and 38 mi l l iohms a f t e r  intermediate load l i f e  tes ts .  
The o v e r a l l  range o f  contact  resistance, excluding the  above 
u n i t s ,  was 18 t o  28 mi l l iohms w i t h  an average of 23 mi l l iohms. 
The v a r i a t i o n  between readings on the  same contact  t y p i c a l l y  
was less than 2 m i  1 liohms. 
between the  i n i t i a l  contact  res is tance and t h a t  obtained a f t e r  
t he  100,000 operat ion l i f e  tests ,  
There was no s i g n i f i c a n t  d i f ference 
The f o u r  l o t s  of re lays exh ib i t ed  s i m i l a r  performance 
cha rac te r i s t i cs .  The on ly  exception was l o t  23 which was manu- 
factured dur ing the  l a t t e r  p a r t  o f  the study. This  l o t  had a 
h igher  incidence o f  power load l i f e  misses, t he  cause of which 
is unknown, No s i g n i f i c a n t  d i f f e rence  was found between the 
re lays  t h a t  had a go ld  p l a t e  over the  rhodium and those w i thout  
t h i s  p l a t i n g .  Table X X l l  i s  a summary o f  the o v e r a l l  contact per-  
formance o f  a l l  f o u r  l o t s  o f  rhodium p la ted  contact  relays. 
TABLE X X I  I 
SUMMARY OF LIFE TEST RESULTS ON RHODIUM PLATED CONTACT RELAYS 
LOW LEVEL LIFE TEST 
Miss F a i l u r e s  in lo5 operat ions 
Miss f a i l u r e s  a t  1 2 5 O C  
Miss F a i l u r e s  a t  -65°C 
CR 30 mi l l iohms a t  125/2SoC 
CR 30 mi l l iohms a t  -65°C 
I NTERMED I ATE LOAD L I FE ( 100-ma) 
CR 100 mi l l iohms 
POWER LOAD LIFE ( 2  amperes) 
Catastrophic f a i l u r e  mode 
Parametric f a i l u r e  mode 
Lots  17, 19, 21 G 23 
31 Groups, 90 Relays 
5/44 
415 
315 
3/44 
7 /44 
1 /20 
0/26 
9/26 
Notation: Failure/sarnple size; CR Contact Resistance 
The low l eve l  l i f e  t e s t  r e s u l t s  f o r  the f i r s t  50,000 opera- 
t i o n s  a t  1 2 5 O C  showed f o u r  f a i l u r e s .  A l l  o f  these re lays were 
from l o t s  21 and 23. There was no i n d i c a t i o n  o f  contact res i s -  
tance v a r i a t i o n s  o r  c o l d  welding associated w i t h  these fa! 
sft groups had been success- 
four  f a i l u r e s  were process 
i s t n te res t  f n t o  these fa i l u res ,  a 
dependent and not a function of the contact materials. The con- 
tact resistance measurements taken before and after the 5O,OOO 
operations at 125°C ranged between 24 and 34 milliohms with an 
average of 27 milliohms. There was no change in the contact 
resistance distribution as a result of the 50,000 operations. 
The -65°C contact resistance measurements performed after the 
thermal shock from 125OC showed seven relays with high or open 
contact resistance due to the "icing" phencmenon. Two of these 
relays also indicated low level misses which correlated to the 
initially high contact resistance. Excluding these abnormali- 
ties, the contact resistance measurements at -65"C, before and 
after the 50,000 low level life test, ranged between 15 and 2 4  
with an average of 18 milliohms. There was no indication of 
temperature dependent contact resistance when the post-measure- 
ments made at room temperature were compared to the final -65°C 
readings. A very high degree o f  stability was noted on these 
relays. There was no indication of  cold welding during these 
tests and the majority of failures were associated with the 
relays' atmosphere rather than the rhodium plated contact 
material. 
The intermediate load (100-ma) 1 ife tests were conducted 
for lOO,OOO operations at 125°C. Of the 20 units tested from 
14 different groups, only one unit exceeded the 100 miliiohm 
criterion. This unit was from lot 23 and is an indication of a 
defective atmosphere due to either the hermetic seals or the 
vacuum outgassing procedure. In general, the maximum contact 
resistance change in 100,000 operations did not exceed 20 milli- 
ohms and usually was below 5 milliohms. 
The power load (2-ampere) life tests were also quite con- 
sistent with the exception of relays in lot 23. A total of  2.6 
million relay operations were accumulated without catastrophic 
failure. Of the nine units that exhibited parametric failures 
(misses), six were associated with lot 23. Table XXlll is a 
summary of these parametric failure points. 
ures had only one miss in 100,000 operations and these were 
randomly distributed throughout the life test. 
No conclusions can be drawn fran this data other than that 
lot 23, when compared t o  the other three lots of rhodium plated 
contacts, is not representative of the contact performance that 
can be expected from the rhodim contact material. 
The remaining fail- 
Relay Analysis and Correlation 
Monolithic Contact Relays.--It was necessary during this 
stage of the program to separate the variables associated with 
the contact materials and those independent of the materials. 
For example, as a result of the variation in the hermeticity o f  
the contact modules, some o f  the low level and intermediate load 
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F i r s t  To ta l  To ta l  
M i  ss Misses Operat ions - Lot Type Miss 
4,300 9 100 , 000 23 norma 
6 , 000 1 100 , 000 19 norma 
15,600 7 100 , 000 23 noma 
18,600 2 lOO,OOO 23 norma 
26 , 600 1 100 , 000 23 norma 
72,200 1 lOO,OOO 21 norma 
84,100 3 100,000 23 norma 
86 , 900 1 100 , 000 21 norma 
94,200 1 100,000 23 norma 
ly open 
l y  open 
1y open 
1y open E closed 
l y  closed 
l y  open 
l y  open 
l y  open & closed 
i y  open & closed 
contact  res is tance f a i l u r e s  were associated w i t h  the atmosphere 
ra the r  than w i t h  the contact  mater ia l .  The f a c t  t ha t  the  i n i t i a l  
contact  res is tance d i s t r i b u t i o n  on both l o t s  o f  re lays was l o w  
and s tab le  a f t e r  the vacuum outgassing, back f i  1 1  ing, and f i n a l  
seal ing operat ion is an i n d i c a t i o n  o f  the  inherent s t a b i l i t y  o f  
t he  ma te r ia l  i f  the  atmosphere i ns ide  the contact  ma te r ia l  can 
be maintained. This  i s  the main reason f o r  t he  d i f f e r e n c e  i n  
contact  performance between l o t s  24 and 25. 
The r e s u l t s  reported i n  the  l a s t  sect ion ind icated some 
trends towards favo r ing  a l l o y  IB (Ag-17Pd-5Cu) over a l l o y  1A 
(Ag-17Pd-8Cu) w i t h  respect t o  contact  res is tance s t a b i l i t y .  
However, i f  the  f a i l u r e s  associated w i t h  the atmosphere v a r i a t i o n  
between l o t s  are removed and the t e s t  data i s  reexamined, there 
i s  no s i g n i f i c a n t  d i f fe renece between the  performance o f  l o t s  24 
and 25. These f i n d i n g s  were confirmed by a second chemical analy- 
s i  s o f  the  two contact  a1 loys by an independent 
f ind ings  a re  reported i n  Table X X I V .  
TABLE X X l V  
CHEMICAL ANALYSIS OF ALLOYS 1A AND 
aboratory. The' 
B 
Actual Composition 
(we i ght /%) A l l oy  1A 
S i  l v e r  
Pal ladium 
Copper 
74.5 
19.6 
6.2 
A l l oy  1B 
73 0.0 
20.5 
6.7 
herefore, as was uspected, there  was l i t t l e  d i f f e rence  be- 
ween the  two f i na t e s t  a l loys .  One might consider f o r  the 
f i n a l  a l l o y  developed i n  the study a composition of Ag-20Pd-6,5Cu, 
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he contact  surfaces o f  a u n i t  which underwent 
open welding a f t e r  74,400 operat ions was examined, 
evidence of h igh heat concentrat ion and me l t i ng  a t  t 
area, The prese ce of oxide d i s c o l o r a t i o n  suggested a poor 
hermet i c sea 3 
d i d  not welld i n  100,000 operat ions a t  2 amperes ind icated tha t  
t h i s  was not an i n t r i n s i c  problem. Several poss ib le  causes 
f o r  t h i s  type o f  f a i l u r e  are: l oca l i zed  segregation o r  lamina- 
t i o n  i n  the  contact  s t r i p ;  poor precleaning o r  f i l m  format ion 
dur ing operat ion due t o  a f a u l t y  hermetic seal; improper make- 
break adjustment; and poor thermal t rans fe r  due t o  a marginal 
terminal  p i n  t o  contact  welds. The p o s s i b i l i t y  remains, how- 
ever, t h a t  w i t h  a more extended l i f e  tes t ,  t h i s  f a i l u r e  mode may 
become more prevalent.  The reso lu t i on  of t h i s  po in t  would re- 
quire,  therefore,  an add i t i ona l  t e s t  program performed on more 
than one mel t  o f  the a l l o y .  
he fac t  t h a t  a h igh percentage o f  the u n i t s  
I t i s  concluded t h a t  the major causes of contact resistance 
v a r i a t i o n s  were associated w i t h  the hermetic seal and the loss o f  
atmosphere con t ro l  i n  the  module. There was no i n d i c a t i o n  o f  
c o l d  welding on u n i t s  which exh ib i t ed  low and s tab le  contact  re-  
s is tance throughout l i f e ,  which bears out t h e  conclusion tha t  
t h i s  ma te r ia l  i s  not prone t o  co ld  weld as i s  the case w i t h  the 
go ld  p la ted  s i l v e r  a l l o y  contacts. 
The ana lys i s  o f  t h e  hermetic h i s t o r y  ind icated some degrada- 
t i o n  o f  the  seals as a r e s u l t  o f  the  t e s t  program. No add i t i ona l  
i n v e s t i g a t i o n  was made on the  contact  modules w i t h  respect t o  
the  c o r r e l a t i o n  o f  leakage o r  atmosphere t o  performance due t o  
the  ra the r  extensive work performed i n  the f i r s t  sec t ion .o f  t h i s  
study. 
. - -This phase o f  the study was 
d i  rec he rhod!um p la ted  contact per-  
formance was so cons is ten t l y  super ior  t o  tha t  o f  the go ld  p la ted  
s i l v e r  a l % o y  contact  re lays  manufactured f o r  the Process and Con- 
taminat ion phase o f  the  study. Dt i s  important, f o r  purposes o f  
comparison, t o  remember tha t  the rhodium p la ted  contact re lays  
were manufactured concurrent ly  w i t h  the go ld  p la ted  s i l v e r  a l l o y  
contact  re lays  so as t o  e l im ina te  the problem w i t h  unknown process 
va r ia t i ons .  
Unfortunately, l o t  23, the  maverick of t h i s  group, was manu- 
factured dur ing the l a s t  p a r t  o f  t he  study as an independent 
group, and there were no con t ro l  led  comparison standards avai lable.  
I n  reviewing the manufacturing records, the only  t a n g i b l e  evidence 
found t o  support the  fact: t h a t  l o t  23 was not representat ive and, 
therefore, should be e l im ina ted  from t h i s  comparison was associated 
w i t h  re lay  ad jus t i ng  problems. i t  is  poss ib le  t h a t  a marginal 
group of motors from the  standpoint o f  s t rength  and he rmet i c i t y  
was used i n  assembilying these relays, The ne t  r e s u l t  could have 
been a toss o f  adjustment s t a b i l i t y  and e r r a t i c  contact  forces 
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d have d i r e c t l y  affected the  contact performance past icu-  
t he  power load l i f e  tests ,  For the  present, t h i s  l o t  
o f  re lays has been e l iminated from t h i s  comparison due t o  i t s  lack 
of l o t  un i fo rmi ty ,  
t o  e l im ina te  the c o l d  welding and adhesion o f  t h e  s i l v e r  a l l o y  
subst rate mater ia l ,  a d e t a i l e d  ana lys is  o f  the  wear was per-  
formed, As expected, the  rhodium p l a t e  was eroded and t rans-  
f e r r e d  dur ing  the power load l i f e  t e s t s  as a r e s u l t  o f  t he  2- 
ampere, 28 v o l t  arc ing. This  i s  not unusual s ince the 2.5 t o  
5.0 microns o f  rhodium i s  not s u f f i c i e n t  t o  wi thstand t h i s  
amount o f  a rc ing  f o r  100,000 operat ions wi thout  de te r io ra t i on .  
Transfer  o f  the  gold, s i l v e r ,  and rhodium, a complex phenomenon, 
was observed on the contacts  examined. The cond i t ions  observed 
were estimated as normal f o r  t h e  type o f  load condi t ions,  and 
no f u r t h e r  eva lua t ion  was performed. 
Since the  prime purpose o f  the  rhodium p la ted  contacts was 
Relays t h a t  were subjected t o  the  100,000 operat ion low  
l eve l  l i f e  t e s t  were c a r e f u l l y  analyzed. Cor re la t i on  was ob- 
ta ined between the u n i t s  tha t  f a i l e d  the  low temperature t e s t  
and the atmosphere. As prev ious ly  reported, the hermetic seal 
associated w i t h  the core braze and c o i l  feedthru was marginal.  
By r e l a t i n g  the  leakage a f t e r  l i f e  t e s t  and the i n i t i a l  leakage, 
i t  was poss ib le  t o  summarize t h a t  some exchange o f  the atmosphere 
had occurred. 
l eve l  of water vapor, they would not  be prone t o  co ld  weld due 
t o  monolayer adsorpt ion of water. 00 re lays  tha t  had a higher 
l eve l  of water vapor, estimated t o  be o f  the order o f  1,000 ppm 
or higher, there  was very l i t t l e  d i s c e r n i b l e  wear associated 
w i t h  the 100,000 operations. These re lays were not considered 
as representat ive o f  rhodium contact  performance under worst 
case cond i t ions  ( i .e.  low water vapor,,less than 100 ppm). 
The most s i g n i f i c a n t  f i n d i n g s  were-found on the  re lays  tha t  
had successfu l ly  completed the low l e v e l  l i f e  tes t ,  d i d  not show 
any i n d i c a t i o n  o f  atmosphere discrepancres as evidenced b the low 
temperature tes ts ,  and had leak ra tes  o f  less than 5(10-9 r atm 
cc/sec before and a f t e r  the l i f e  tes ts .  The contact  surfaces o f  
these re lays  showed a t  leas t  an order o f  magnitude less wear and 
evidence o f  adhesion when compared t o  the  go ld  p la ted  contacts o f  
t h e  standard relays,  The wear c h a r a c t e r i s t i c  was one o f  ma te r ia l  
smearing on the  surface o f  the  rhodium w i t h  some evidence of 
s l i g h t  adhesion of  the  go ld  p l a t e  from the mating contact .  Figures 
21 and 22 are  a comparison o f  go ld  p la ted  s i l v e r  a l l o y  contacts 
and a t y p i c a l  rhodium p la ted  contact  operated under very d ry  condi- 
t i ons .  Th is  damage was s t r i c t l y  due t o  mechanical e f fec ts ,  s ince 
t h e  contacts  operated w i t h  a low l eve l  s,ignal, and minimal cable 
discharge e f fec ts .  The s i l v e r  a l l o y  i s  c l e a r l y  exposed on the  gold 
p l a t e d  contacts  which accounts f o r  the  c o l d  welding, w h i l e  the rho- 
dium p la ted  contact  surface has not been markedly damaged. 
case was the  s i l v e r  a l l o y  exposed i n  less than 100,000 operations. 
Since these re lays  had been operated i n  a h igh  
I n  no 
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FIGURE 21 
I S O X ,  Au Plated, Ag A l l oy  
Movable Contact, l lDryli 
Atmosphere, A f te r  10,000 
Cycles Low Level L i f e  Test 
(Lot 16) 
FIGURE 22 
150X Rh Plated Contact, IiDryli 
Atmosphere, A f t e r  100,000 
Cycles Low Level L i f e ( L o t  19) 
Figures 23 and 24 are photomicrographs o f  a normally open 
contact  p a i r  showing both the rhodium p la ted  f i x e d  contact  and 
the  mating go ld  p la ted  movable contact. As can be seen, there 
I s  a s l i g h t  amount o f  ma te r ia l s  t r a n  r ,  but there i s  no pene- 
t r a t l o n  i n t o  the  s i l v e r  a l l o y .  The dium p l a t e  remained i n  
t a c t .  
Some o f  the o ther  u n i t s  tha t  were examined ind ica ted  a 
s l i g h t  amount o f  polymer formation, but o f  such a small magni- 
tude tha t  i t  d i d  not a f f e c t  the contact resistance, This  
polymer format ion i s  an i n d i c a t i o n  o f  t race  amounts o f  organic 
m a t e r i a l s  w i t h i n  the contact  modu t is  suspected t h a t  w i t h  
rhodium p l a t e d  contacts i t  would sibble t o  lengthen the 
vacuum outgass ng cyc le  and, thereby, e l im ina te  the polymer by 
upg rad I ng the  atmosphere 
It was concluded t h a t  the rhodium p la ted  contact  ma te r ia l  
successful ly e l im ina ted  
increased hardness and e .5 t o  5e0 micron t h i c k  
problem due t o  the 
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rhodium p l a t e  was s u f f i c i e n t l y  strong t o  r e s i s t  deformation over 
t h e  s o f t  s i l v e r  a l l o y  substrate t h a t  the  rhodium was not f r a c -  
tu red  w i t h  contact  fo rces  up t o  22-grams. There was not a s ig -  
n i f i c a n t  d i f f e rence  between the go ld  overp late on the rhodium and 
t h e  s t r a l g  t rhodium under these condi t ions.  The discrepancies 
noted i n  contact  performance were associated w i t h  an abnormal 
l o t  (23) and v a r i a t i o n  i n  the  contact  modules' atmosphere which 
i s  re la ted  t o  the  leakage problem prev ious ly  discussed. 
FIGURE 23 FIGURE 24 
Au Plated, Ag A l loy  Rh Plated 
Movable Contact Fixed Contact 
150X, Typica l  Contact ? a i r  A f t e r  100,000 Cycles Low Level 
L i fe ,  IIDryll Atmosphere, (Lot  19) 
CONCLUSIONS AND RECOMMENDATIONS 
C r i t i c a l  manufacturing processes, such as vacuum out-  
gassing and cleaning, were evaluated and con t ro l  techniques 
were developed t o  monitor these processes. Cor re la t ion  among 
vacuum outgassing parameters, leakage, atmosphere, wear, and 
contact  performance was found f o r  a t y p i c a l  go ld  plated, s i l v e r  
a1 loy  contact  ma te r ia l  used i n  "sealed switching module" relays. 
I t  was concluded tha t  the l i m i t i n g  f a c t o r  i n  obta in ing 
re1 i a b l e  contact  performance under l ldryll cond i t ions  was the con- 
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t a c t  ma te r ia l ,  
causes the m a j o r i t y  o f  low temperature f a i l u r e s  due t o  an increase 
i n  the water vapor content ins ide  the relays,  
associated w i t h  wear through the go ld  p l a t e  and adhesion o f  the  
s i l v e r  a l l o y  contact ma te r ia l .  Th is  basic ma te r ia l  f a i l u r e  
mechanism was e l iminated by the use o f  rhodium p la ted  contacts. 
The i n t r i n s i c  performance o f  the switching sealed contact module 
was not demonstrated due t o  the above factors .  The e l i m i n a t i o n  
o f  the c o l d  welding by the use o f  rhodium g r e a t l y  improved the  
contact  performance. 
Leakage, as a r e s u l t  of the manufacturing processes, 
Cold welding o f  the  contacts a f t e r  30,000 operat ions was 
It i s  recommended t h a t  the o v e r a l l  hermetic aspects o f  these 
types of components be reviewed and techniques, o ther  than seal- 
ants, be developed t o  r a d i c a l l y  improve manufacturing y i e l d s  and 
o v e r a l l  hermetic r e l i a b i l i t y .  I t  i s  f e l t  t h a t  t h i s  area i s  one 
o f  the  major l i m i t i n g  f a c t o r s  i n  t h i s  type o f  component. 
Mono l i t h i c  Contact Mater ia ls.--A ternary,  age hardenable, 
a l l o y  of s i l ver -20% ~a! ladium-b.!?% c o w e r ) h a s  develoPed f o r  ao- 
p l  i c a t i o n  as a monol ' i thic contact. spr'ihg mater ia l .  The a1 loy '  has 
a t e n s i l e  strength, a f t e r  age hardening, i n  excess of 100,000 ps i ;  
i s  r e s i s t a n t  t o  s t ress  re laxa t i on  a t  2 5 O o C  under appl ied stresses 
up t o  40,000 p s i ;  and has exce l len t  d u c t i l i t y  w i t h  elongat ions i n  
excess o f  20%. The e l e c t r i c a l  r e s i s t i v i t y  i s  acceptable, and 
the contact  res is tance i s  low and s tab le  i n  an i n e r t  atmosphere. 
The a p p l i c a t i o n  o f  t h i s  mono l i t h i c  ma te r ia l  was demonstrated 
i n  Super J type swi tch ing modules w i t h  promising resu l t s .  There 
was no i n d i c a t i o n  o f  c o l d  welding o r  contact  weld f a i l u r e s  up t o  
t h e  intermediate load region; however, there  were welding f a i l u r e s  
experienced w h i l e  switching 2-amperes. The l a t t e r  i s  not bel ieved 
t o  be an i n t r i n s i c  ma te r ia l  problem a t  t h i s  time. 
I t  i s  recomnended t h a t  add i t i ona l  me l ts  be made o f  t h i s  
a l l o y  and a more extensive program be developed t o  f u r t h e r  
demonstrate and f i n a l i z e  t h i s  promising contact  a l l o y  since the  
a p p l i c a t i o n  t o  m in ia tu re  components i n  many f i e l d s ,  inc lud ing  
s l i d i n g  contacts, could be q u i t e  b e n e f i c i a l .  
Rhodium Plated Contacts.--Although the use of rhodium 
e lec t rodepos i ts  as a hard-wearing e l e c t r i c a l  contact ma te r ia l  i s  
w e l l  known, the f e a s i b i l i t y  t ha t  was demonstrated o f  using rhodium 
over a s o f t  s i l v e r  subst rate i n  extremely I1dry1l atmospheres has 
not been prev ious ly  reported. The use o f  rhodium contact  systems 
i n  components w i thout  organic contaminants e l im ina tes  the  c l a s s i c a l  
polymer format ion and a c t i v a t i o n  phenomena as was found t o  be 
genera l l y  the  case w i t h  sealed switching modules. 
Rhodium p l a t i n g  o f f e r s  the most promising so lu t i on  t o  the  
immediate problems o f  c o l d  welding i n  Super J type sealed switch- 
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ows an add i t i ona l  margin 
m outgassing processes 
the  temperature. The 
use o f  a th in ,  less  on, go ld  overp late is recomnended 
t o  improve t h e  l u b r i c i t y  and res is tance s t a b i l i t y  on theo re t i ca l  
grounds s ince no d i s c e r n i b l e  d i f f e rence  between these two l o t s  
cou ld  be found, 
The use of rhodium p la ted  contact  p a i r s  ra the r  than the  
rhodium-gold mixed contact  system i s  suggested f o r  extending the  
operat ional  l i f e  o f  t he  contact  surfaces beyond 100,000 cycles. 
Improvement i n  the atmosphere s t a b i l i t y  i s  a necessi ty for  r e l i a b l e  
contact  performance as has been demonstrated on a l l  l o t s  tested, 
and i t  i s  recomnended t h a t  t h i s  ma te r ia l  combination be used t o  
evaluate upgraded vacuum outgassing cycles. 
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APPENDIX A 
NEW TECHNOLOGY 
AN AGE HARDENABLE ELECTR I CAL CONTACT SPR I NG MATER I AL 
(Reference: Contact Mater ia l  Section o f  This  Report) 
A ternary,  age hardenab e, a l l o y  o f  si lver-20%palladium- 
6.5%copper was developed f o r  a p p l i c a t i o n  as a mono l i th ic  con- 
t a c t  spr ing ma te r ia l .  The a loy has a t e n s i l e  s t rength a f t e r  
age hardening, i n  excess o f  100,000 ps i ,  i s  res i s tan t  t o  s t ress 
re laxa t i on  a t  25OoC under appl ied stresses up t o  40,000 ps i ,  
and has exce l len t  d u c t i l i t y  w i t h  elongat ions i n  excess o f  20%. 
The e l e c t r i c a l  r e s i s t i v i t y  i s  acceptable, and the contact  res i s -  
tance i s  low and s tab le  i n  an i n e r t  atmosphere. The app l i ca t i on  
o f  t h i s  a l l o y  t o  m in ia tu re  components i n  many f i e l d s ,  inc lud ing  
s l i d i n g  contacts, could be q u i t e  bene f i c ia l .  
